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SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 

ACCOMFANVIKO 

The  annual  rqwri  of  the  Board  of  Regents  of  the  Institution  to  the  end  of 
June,  1890. 


SVITHSOMIAN    INSTITUTIOM, 
-  -  --^  '         W«*«fftotl,  fi^C,  Julf  1, 1890. 

To  tim  CoHffreu  of  ttu  United  8tate»: 

In  accordance  witti  section  5593  of  the  Revised  Statuteaof  tlieUnitMl 
States,  I  have  the  honor,  ia  behalf  of  the  Board  of  Regents,  to  submit 
to  Oongraas  the  auoaal  report  of  the  operations,  expenditures,  aud  ooit- 
ditionof  the  Smithsouiaa  Institution  for  the  year  ending  June  30, 1890. 
I  have  the  honor  to  bo,  very  respectfally,  your  obedient  aervant, 
S.  P.  Langley, 
Secretary  of  Smithsonian  Institution. 
Hon.  Levi  P.  Moeton, 

President  of  the  Senate. 
Uou.  Thomas  B.  Ueed, 

of  the  House  of  Representatives. 
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NTS  OF  THE  SMITHSONIAN   INSTITUTION. 


aDJzJDgact  Approved  August  10,  1846  (Revised  StAtat«8, 
8ectioii  5580),  "Tlie  busiuess  of  the  Institution  shall  be 
;  the  city  of  Wasbingtou  by  a  Board  of  Segents,  named 
}f  theSmithBoniaii  Institatioii,  to  be  composed  of  the  Vice- 
e  Chief-Justice  of  the  [JDited  States  [and  the  Goveraorof 
if  Columbia],  three  members  of  the  Senate,  and  three  mem- 
ouse  of  Bepresentatives,  together  with  six  other  persons, 
embers  of  Congress,  two  of  whom  shall  be  resident  in  the 
liagton,  and  the  other  fonr  shall  be  inhabitants  of  some 
two  of  the  same  State," 


REC.ENTS  FOR  THE   TRAIi  181)0. 

ent  of  the  United  States : 

:ORTON. 

ce  of  tho  Uniteil  States : 

i  W.  FULLER,  elected  CfaaDOellor,  and  TrMideiit  of  Ibe  Boanl  Jan- 

189. 

enatera :  Term  sipin*. 

MORRILL  (appointwl  Febrnnry  al,  1883) Mar.3,l«ll. 

[.  CLTLLOM  (appointed March 33,  IHSri.  nnd Mar. 38, 1H«) .Mar. K.  18%. 

L.  GIBSON  (appointed  Doc.  la,  lri87,  anil  Mar.  28,  l''8U)..Mar.  3, 1893. 

HoDseofRepTeaeDtatives: 

'HEELER  (appointed  Jan.  5,  1888,  and  Jnu.  C<,  D^IW) ....  Doc.  33, 1S91. 

r  BinTERWORTH(appoint«d  January  C,  I8W) Doc.  23,  1891. 

lBOT  LODGE  (appointed  Janaary  fi,  1890) Dec.  23,  1891. 

tPPfiB,  of  PennsylTania  (first appointed  Jnn.  19, 1874) .  .Deo.  26, 1891. 
ANGELL,  of  Michigan  (Hnt  appointetl  .Inn.  11),  1887)..  Jan.  10,1693. 
0.  WHITE,  of  New  York  (finit  appointed  Feb.  l.->.  18H8)..Fob.  15, 1994. 

hington : 

WELLING  (first  ttDpointed  May  13,  1S84) May  22,  1896. 

ERY  C.  MEIGS  (firat.  appointed  December  2C.  lsa5}....Dec.26,ia91. 


Eiteatirc  Commitlre  of  the  Beard  of  Regentt. 
UNG,  Chairmtm.     Hbnrt  CoppAb.      Moktoombrt  C.  Mrios. 


JOURNAL  OF  PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


WAsHrNGTON^  January  8, 1890. 

The  stated  annaal  meeting  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution  was  Iield  this  day  at  10.30  o'clock  A.  u. 

Present:  TbeGhancel)or,Ghief-Jnstice Melville W.  Fulleb;  Hon. 
.1.  S,  MoBBiLL,  Hon,  S.  M.  Gullom,  Hon.  Joseph  Whebleb,  Hon. 
Hbney  Cabot  Lodge,  Gen.  M.  G.  Meigs,  Dr.  Awdbbw  D.  White, 
Dr.  J.  B.  Angell,  Dr.  Henbt  Gopp^b,  Dr.  J.  C.  Wellthq,  aud  the 
Secretary,  S.  P.  Lanoley. 

Ad  excase  for  noo-atteodaiice  was  read  {torn  tlie  Hod.  Benjamin 
Ul]TTEBWOBTH,  aod  the  Secretary  stated  that  be  had  been  informed, 
uuofBcially,  that  Senator  B.  L.  Gibsok  was  detained  in  New  York  by 
-illness. 

Tiie  following  letter  was  read  to  the  Board : 

New  Haven,  (Jonnbcticot,  December  31, 1889. 
I  regret  that  I  find  it  advisable,  from  considerations  of  liealth  and 
pmdence,  to  resign  tbe  position  which  I  have  held  for  so  many  years 
as  a  member  of  ti^e  Board  of  Regents  of  tbe  Smithsonian  institntion. 
Willi  the  best  wishes  for  tbe  prosperity  of  the  Institntion  and  the  as- 
snrance  of  the  highest  personal  regard  for  the  members  of  the  Board, 
I  am. 

Very  traly  yonrs, 

Noah  Pobtee. 
To  a.  P.  Langlby, 

Secretary  of  the  Smithsonian  Institution. 

On  motion  of  Dr.  Gopp^e,  it  was 

Resolved,  That  tbe  Board  having  received  the  resignation  of  Dr.  Noab 
Porter  as  a  Regent,  accept  it  with  an  expression  of  tbeir  regret  and 
witb  assurances  of  their  high  personal  esteem.  . 

The  Jonroal  of  tbe  Proceedings  of  the  Board  at  the  meeting  of  Jao- 
nary  9, 1889,  was  read  aod  approved. 

Tbe  secretary  annonnoed  the  appointment  (January  0,  1890)  by  the 
honorable  the  Speaker  of  the  Honse  of  Representatives  of  tbe  following 
members  of  the  House  as  RegeDts; 

Mr.  Benjamin  Butteewobth,  of  Ohio. 

Mr.  Hemrt  Cabot  Lodge,  of  Massachusetts. 

Mr.  Joseph  Wheblbb,  of  Alabama.  ^^         , 


XII  JOURNAL  OP  PB0CEEDIK08. 

Dr.  WelliDg,  ia  presentin;;  tlie  report  of  tbe  Executive  GoiniDitt«efoT 
the  BbgaI  year  eliding  June  30, 1889,  called  tbe  atteotioD  of  tbe  Board 
to  tbe  stiitement  on  page  5,  ander  tbe  bead  of  International  Exebanga 
(whicb  sets  forth  tbat  an  amonnt  bag  been  expended  in  tbis  department 
beyond  tbe  annual  appropriation  made  by  Congress,  entailing  aDimal 
loss  upon  the  fund  of  tbe  Smithsonian  Institution)  and  to  tbe  reconi- 
mendation  tbat  Congress  be  requested  to  make  appropriations  to  reim- 
burse tbe  SmitbBOuian  fund. 

On  motion  it  was — 

Resolved,  That  tUe  Eegents  instruct  the  Secretary  to  ask  of  Congresa 
legislation  for  the  repayment  to  tbe  Institution  of  the  Rmount  advanced 
from  the  Smitbsoniau  fuud  for  governmental  service  in  carrying  on  the 
exchanges. 

The  report  of  the  committee  was  then  approved. 
Ou  motion  of  Dr.  Welling  it  was  also — 

Resolved,  Tbat  tbe  income  of  tbe  Institution  for  the  flacal  year  end- 
ing June  3U,  1891,  be  appropriated  for  tbe  service  of  the  Institution, 
to  be  depended  by  tbe  Secretary,  with  the  advice  of  the  Executive  Com- 
luittee,  upou  the  bsiBis  of  tbe  operatious  described  in  tbe  last  annua) 
report  of  said  committee,  with  full  discretion  on  the  part  of  the  S«re- 
tary  as  to  items  of  ex|>enditures  properly  falling  under  each  of  tbe  beads 
embraced  in  tbe  established  conduct  of  the  Institution. 

Tbe  Secretary,  iu  presenting  bis  report  for  tbe  year  ending  June  30, 
1889,  referred  especially  to  the  fact  tbat  tbe  Smithsonian  InstitutioD  is 
now,  and  baa  been  for  some  time,  paying  out  an  increasingly  large  por- 
tion of  its  annual  income  la  service  tbat  iuures  either  directly  or 
indirectly  to  tbe  benefit  of  the  Government,  rather  than  to  its  legiti- 
mate application  for  the  immediate  "increase  and  diffusion  of  koovl 
edge;"  and  iu  tbis  connection  quoted  the  opinion  of  Professor  Henry, 
expressed  as  long  since  as  1872,  that  tbe  Government  should  then  have 
paid  tbe  Institution  $300,000  for  tbe  use  of  tbe  present  building  alone. 

He  did  not  asli  for  any  immediate  action,  but  invited  tbe  nltention 
of  tbe  Kegents  to  tbis  condition  of  tbe  relation  of  tbe  lustltotion's 
affairs  to  those  of  the  Government,  a  general  condition  of  which  tbe 
loss  of  tbe  rentof  the  building  might  be  taken  as  a  single  example. 

The  late  Secretary  had  intended  to  provide  an  astro-phyaical  observ- 
atory Oil  a  modest  scale,  the  building  for  which  would  probably  coat 
not  over  ten  or  fifteen  thousand  dollars,  and  with  tbe  expectation  thai 
if  this  amouut  were  contributed  by  private  citizens  and  the  building 
placed  ou  Government  land,  Congress  would  make  an  appropriation 
fur  purchasing  the  apparatus,  and  also  a  small  uurtual  appropriati<Hi 
necessary  for  maintenance.  This  amount  having  been  pledged  by  re- 
8i>on8ible  parties,  tbe  Secretary  had  ordered  some  of  tbe  principal  pieces 
of  apparatus  which  would  take  a  long  time  t<i  construct.  A  number  of 
valuable  pieces  bad  also  been  loaned  to  the  Institution,  and  to  supply 
provisional  needs,  a  cover  for  all  these  in  the  form  of  a  small  temporarj' 
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I  erection  has  beeu  pat  up  south  of  tbia  biitldJDg,  This  will  enable  tlie 
apparatns  to  bo  nsetl,  but  it  is  not  tbe  "  observatory  "  in  question,  wfaicb, 
if  Congress  makes  the  necessary  appropiiatioD,  will  probably  be  erected 
at  some  fntore  time  in  some  suburban  Htt«  under  tbe  Regents'  control. 
Id  tbis  coDoection  he  presentetl  a  copy  of  the  vill  of  tbe  late  Dr. 
Jerome  H.  Kidder,  aud  letters  from  his  executor,  accompanied  by  a 
copy  of  an  unsigned  codicil.  Tbe  Secretary  stated  tbat  Dp.  Kidder  was 
ft  former  officer  of  tbe  U,  S.  Navy,  wbo  several  years  ago  made  a  be- 
quest of  910,000  to  the  Smithsonian  institutiou  to  be  employed  for 
certain  biological  purposes.  Dr.  Kidder  afterwards  informed  the  Sec- 
retary tbat  owing  to  changes  in  his  domestic  circanistances,  he  had 
reduced  the  amount  to  $5,000  and  changetl  the  purpose  of  the  bequest, 
vbich  he  was  desirous  to  see  applied  to  tbe  astro-pbysical  observatory 
in  question.  It  appears  however  thai  tb<iugb  Ibis  was  well  known 
to  Dr.  Kidder's  family  and  friends  to  be  his  deliberate  purpose,  he  did 
Dot  flctnally  esecate  this  provision  to  his  will,  but  having  ordered  a 
codicil  to  tbat  efttot  to  be  drawn,  was  stricken  with  so  sudden  an  ill- 
ness that  ho  was  unable  to  siga  it.  (The  Secretary  read  two  letters 
ftom  the  executor  stating,  in  substance,  that  the  family  would  citeer- 
fully  pay  the  tlO,000,  but  that  it  earnestly  desired  to  see  this  sum 
applied  to  the  astro-pbysical  observatory,  in  which  Dr.  Kidder's  whole 
iolerest  was  lately  engaged.) 

Aft«r  the  clauses  of  tbe  will  aud  the  co<]icil  bad  tteen  read  a  discus- 
sioti  followed,  from  which  it  appeared  to  be  the  opinion  of  the  Board 
that  if  the  Regents  accepted,  in  accordance  with  tbe  wishes  of  the 
family  and  the  executors,  the  deliberate  purpone  of  the  testator  in  re- 
gard to  tlie  object  of  the  'bequest,  they  should  be  guided  by  this  pur- 
pose also  in  regard  to  the  amount  whicli  they  shonlil  receive. 

Mr.  Morrill  then  offered  the  following  preamble  nnd  resolution,  which 
was  adopted : 

Whereas  the  late  Jerome  H.  Kidder  having,  in  a  will  drawn  up 
some  years  before  his  death,  bequeathed  tbe  sum  of  $10,000  to  tbe 
Smithsonian  Institution  for  puqKises  connected  with  the  ndvancement 
of  science,  did  iu  a  codicil  to  said  will,  drawn  under  his  direction  during 
bis  Inst  hours,  but  which  his  sudden  death  prevented  liim  from  execu- 
ting, reduce 'the  amount  of  his  bequest  to  |5,000,  which  he  desired 
should  be  applied  toward  the  establishment  of  an  astro-physical  obser- 
vatory :  It  is 

Resolved.  That  the  Executive  Oommittt'e  of  the  Board  of  K«gcnt« 
be  authorized  to  accept,  as  finally  and  decisively  indicative  of  the  wishes 
of  the  testator  the  provisions  of  tbe  coilicil  bequeathing  $5,000  for  tbe 
puri>ose  of  an  asti-o-pbysical  observatory,  and  that  they  be  authorized 
to  decline  to  accept  from  his  executors  more  than  this  sum ;  provided, 
however,  tbat  before  doing  so  they  can  receive  suflicient  assurance  that 
tbe  Institution  will  be  protected  against  any  liability. 

The  Secretary  ezhibitetl  reccutly  prepared  sketch  plans  for  a  new 
Mnseam  building,  and  called  tbe  attuniion  of  the  Itegents  to  their  rec- 
ommendation to  Congress,  in  January,  ISSIJ,  of  the  need  of  enlarge- 
ment. 
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£>tnoe  lliis  resolutiou,  tbe  collectioDH  of  the  Mnsenm  bave  enoriuousif 
increBtted,  bo  that  before  a  new  bnilding  coold  now  be  completed  the 
material  preseiog  for  display  would  more  tban  cover  the  entire  anaof 
snch  a  boilding  as  the  present  one.  It  seems  absolutely  necessary  tliii 
tbe  new  bnilding  sbonld  contain,  beside  a  basement,  at  least  two  stories, 
it  being  indispensable  to  bave,  apart  from  the  purposes  of  displiy, 
upper  rooms  for  the  preparation  of  tbe  exhibits  below. 

The  price  of  mitterial  has  risen  very  greatly,  so  that,  owing  to  these 
combined  causes,  the  estimate  of  1883  is  not  applicable  to  the  wanta  of 
today.  The  Secretary  did  not  conceive  that  any  supplementary  action 
on  the  part  of  the  Kegents  was  now  needed,  but  submitted  these  pJHDS 
and  estimates  that  they  might  be  advised  of  the  probable  very  consider- 
able increase  in  the  sum  that  it  would  now  be  necessary  to  ask  of  Con- 
gress. 

The  Chief  Justice,  being  obliged  to  leave  here,  resigned  tbe  chairu 
Senator  Morrill. 

Tbe  Secretary  stated  that  in  couuection  with  this  subject  of  the  plans 
he  would  present  a  letter  from  Mr.  Gluss,  of  the  firm  of  Class  & 
Schuize,  arc!iit«cts,  asking  for  "  au  equitable  compensation  "  for  pro- 
fessional services  and  expenses  in  former  years,  in  connection  with  a 
proposed  building  for  the  Museum.  i 

On  motion  of  General  Meigs,  it  was  i 

Resolved,  That  Messrs.  Cluss  &  Schuize  be  informed  that  tbe  qtns- 
tion  of  compensation  to  them  for  plans  for  a  new  Museum  building 
will  be  considered  when  they  shall  present  such  a  bill  as  can  be  snV 
mitted  for  Congressional  action. 

The  Secretary  recalled  to  the  attenliou  of  tbe  Regents  a  statement 
made  at  their  last  meeting,  to  the  fact  that  bills  had  been  brought  be- 
fore Congress  making  an  appropriation  for  the  purpose  of  establishing 
a  Zoological  Park  under  a  Board  of  Commissioners,  of  whom  the  Secre 
tary  of  the  Smithsonian  Institution  was  one,  and  directing  tbis  Com' 
mission,  after  purchasing  and  laying  out  the  land  and  erecting  tb« 
necessary  buildings,  to  turn  it  over  to  the  Regents.  The  bill  as  8iDe« 
actually  passed,  however,  only  instructed  the  Commissioners  to  pai- 
chase  tbe  land;  and,  while  declaring  the  Park  to  be  for  the  advanc«- 
meut  of  science,  gave  no  intimation  of  the  intent  of  Congress  about  iU 
ultimate  disposal.  This  Commission  has  nearly  completed  tbe  pnrcha«s 
and  the  time  has  now  arrived  when  the  Park  may  advantageously  b( 
placed  under  scientific  direction.  He  could  not,  of  course,  aoticipaK 
what  the  final  action  of  Congress  would  be  in  the  matter,  but  be  w« 
authorized  to  state  that  the  Commission  would  feel  satisfied  if  Congrea 
should  place  the  Park  under  tbe  Regents' control.  There  is  an  iuoreaa 
ing  collection  of  animals  already  in  the  Regents'  care,  and  an  approprift 
tion  of  $50,000  ha&  been  asked  for,  to  provide  for  its  establishment ii 
the  newly  acquired  Park,  which,  within  its  large  area,  would  also  pta 
Tide  suitable  retirement  for  the  small  physical  observatory  alreadj 
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alladecl  u>.  He  expresaed  the  hope  that  a  bill  providing  for  both  meas- 
ures woald  have  the  support  of  the  Regents  iu  the  Senate  aud  iu  the 
House. 

After  liateniDg  to  stateineiitB  by  tbe  Secretary  relative  to  the  esti- 
Di&t£e  for  the  eusuing  year,  and  also  to  the  subject  of  the  desirability 
of  obtaiDiug  legislation  relative  to  a  statue  of  Professor  Baird,  the  He- 
gcuts  cousidered  tbe  subject  of  a  more  convenient  time  for  their  annnal 
meetiDg  in  January ;  and  on  motiou  of  Senator  Cnllom  It  was — 

Baolved,  That  hereafter  the  time  of  tbe  anniinl  meeting  of  the  Board 
of  Ke^uts  shall  be  ou  the  fourth  Wednesday  in  January  of  each  year. 

Mr.  Wheeler  callnl  the  attention  of  tbe  Board  to  the  death  of  their 
Ut«  colieagno,  the  Hon.  S.  S.  Ooz,  and  on  hia  motion  it  was — 

Beiohed,  That  a  committee  be  appointed,  of  nhieb  the  Secretary 
shall  be  chairuiitn,  which  shall  be  authorized  to  prepare  resolutions  on 
the  services  and  character  of  the  late  8.  S.  Cox,  and  to  make  the  Siiuie 
of  record. 

The  chairman  unuonncetl  as  the  committee,  tbe  Secretary,  General 
Wheeler,  Dr.  Welling,  Mr.  Lodge. 

Tbe  committee  submitted  tbe  following  report  and  resolutions,  wbii-h 
wennuaniniously  adopted: 

Ts  lit  Beard  of  negentt: 

Yoar committee  report  that  tbe  Hon.  S.  S.  Cox  was  first  a|)|>uiiited  a 
Beirentof  tbe  Smithsonian  Institotion  December  19,  1S61,  and  that  be 
filled  that  office,  except  for  int^-rcals  eaased  by  public  duties,  to  the 
tiioeof  his  death. 

While  lie  was  a  regular  attendant  at  all  the  meeting^s  of  the  Board, 
tie  was  ever  ready  to  advance  the  interests  of  tbe  Institution  and  of 
science,  either  as  a  Itegent  or  as  amember  of  Congress;  aitd  allhougb 
such  men  as  Hamlin,  Fessenden,  Colfax,  Chase,  Garticld,  Sherman, 
Gray,  and  Waite,  in  a  list  comprising  Presidents,  Vice-Presidents, 
Ohief  Justices,  and  Senators  of  the  Unitetl  States  were  bis  associates, 
tiere  were  uone  whoso  service  was  longer  or  more  gratefully  to  be  re- 
loembered,  nor  perhaps  any  to  whom  the  Institution  owes  more  than  to 
Mr.  Cox. 

The  regard  in  which  bis  brother  Eegeuts  held  Mr.  Cox's  accuracy  of 
characterization,  and  his  instinctive  recognitiouof  all  that  iu  worthiest 
of  bonor  iu  other  men,  may  be  inferred  from  the  eulogies  which  he  was 
requested  by  them  to  deliver,  among  which  may  t>e  particularly  men- 
tioned tbeoneat  the  commemoration  in  honor  of  Professor  Henry  in  the 
Hoose  of  Eepresentatives;  but  though  these  only  illustrate  a  very  small 
I^rt  of  bis  services  as  a  Begent,  your  committee  are  led  by  tbeir  con- 
sideration to  recall  that  bis  first  act  upon  ynur  Board  was  the  prepara- 
tioD  aod  delivery  of  an  address,  at  the  request  of  theKegeuts,  on  their 
late  colleague,  Stephen  A.  Douglas,  and  that  on  this  occasion  he  used 
words  which  yonr  committee  permit  themselves  to  adopt,  as  being  in 
their  view  singularly  characteristic  of  Mr.  Oox  himself: 

"It  was  not  merely  as  one  of  its  Begents  that  be  showed  himself  the 
tme  aod  enlightened  friend  of  objects  kindred  to  those  of  this  eatab- 
lisfament.  He  ever  advocated  measnres  which  served  t«  advance 
knowledge  and  proi^ot^  the  prp^gress  of  humanity.    The  encoorage- 
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meot  of  the  floe  arte,  the  rewarding  of  discoverers  and  inventors,  the 
organization  of  exploring  expeditions,  as  well  as  the  genenit  diffusioD 
of  education  were  all  objects  of  his  special  regard." 

In  view  of  these  facts  it  is — 

Besolved,  That  in  the  death  of  Hon.  Samne)  Sullivan  Cox  the  Smith- 
sonian Institntiou  has  suffered  the  irreparable  loss  of  along-tried  friend, 
the  Board  of  Regents  of  a  most  valned  asBoeiate  and  active  member 
during  fifteen  years  of  service,  and  the  conntry  of  one  of  ite  most  <li8- 
tingaished  citizens. 

Resolved,  That  the  Board  of  Gegents  desire  to  express  their  deep 
sympathy  with  the  bereaved  family  of  the  deceased,  and  direct  that 
a  copy  of  these  resolutions  be  transmitted  to  the  widow  of  their  late 
associate. 

On  motion  of  Senator  Onllom,  the  Board  adjonrned  <tn«  die. 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION. 

(For  tbe  fear  eading  With  of  J.ine,  1B90.) 


To  the  Board  of  Regents  of  the  Smithsonian  iMtitution : 

Your  execative  committee  reapectfully  submits  tbe  followiDg  report 
in  relatiou  to  tbe  faads  of  the  lostitatioD,  the  approptiatiooB  by  Con- 
greaa  for  tbe  National  Museum  and  other  purposes,  aiid  the  receipts 
and  expenditures  for  tbe  lostitutioD,  the  Maseum,  etc.,  for  tbe  year 
endiDg  'JOOi  Jane,  1890 : 

SMITHSONIAN  INSTITUTION. 

Condition  of  the  fund  July  1,  1890. 

The  amoant  of  tbe  bequest  of  James  Bmlthaoa  deposited  in  the  Treas- 
ury of  the  United  States,  according  to  the  act  of  CdDgress  of  August  10, 
1&46,  was  $515,169.  To  this  was  added  by  authority  of  Congress  (act  of 
February  8, 1867)  the  residuary  legacy  of  Smitbson  and  savings  from 
anunal  income  and  other  sources,  tl34,831.  To  this  $1,000  bave  been 
added  by  a  bequest  of  James  Hamilton,  $500  by  a  bequest  of  Simeon 
Habel,  and  $51,500  as  the  proceeds  of  tbe  sale  of  Virginia  bonds  owned 
by  the  Institution,  making  in  ail,  as  tbe  permanent  Smithson  fund  in 
tbe  Dnited  States  Treasury,  $703,000. 

Statement  of  the  receipts  and  expenditures  from  July  1 ,  1889, 1o  June  30, 


C»«h  on  hand  July  1,  1889 HI,  757.^7 

laterest  on  fund  JL1I7  1,  1889 $21,090.00 

iDterest  on  fund  Janaary  1, 1890 til,  090. 00 

42,100.00 

$53,1137.47 

Casb  from  sales  of  p  abli  callous 416.01 

Cash  Irom  repaymentt  of  freight,  etc 3,489..^iO 

3,90.1.51 

C«ali  fruni  execatora  of  Dr.  Jerotno   II.  Kidd«i,  for  astro- 

pliysiokl  reaearch 5,000.00 

C*ab  from  Dr.  &l«x.  Urabam  Bell,  for  astro- physical  reaearch.      5.000.00 

13,905.61 

Tolal  receipts 67,842.8a 

H.  Mis.  129 II  ,»™      I 

Dg.l.zedl!,CjOOglC 
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■XPBNDITURBS. 
Baildlng : 

Bepaira,  ciuu,  anil  iiupruvouients $1,576.97 

Fnrnilurt)  and  fixtures 92.21 

11,069.18 

Geperal  espeuMB ; 

Meetings 409.40 

Postage  and  telegraph ±U.OO 

Stationery 260.85 

Oeaeral  printing 361.60 

Incidentals  (fuel,  gajn,  etc) 1,7^.77 

Library  (books,  iieriodioaU,  etc.) 1,029.46 

Salaries' 17,688.77 

ai,704.85 

Publioations  and  rusearch : 

SmittaMDian  Coutriliatlona 3,483.89 

Miscelianeoas  Coliectioas 3TB.  S6 

Reiiorts 815.10 

Researches 100.00 

Apparatus 6,105,60 

Explorations 1,530.00 

Hnsenm 70.30 

12,482.21 

Literary  and  scien ti Bo  «i changes 1,794.09 

Total  uxpenditn  res 37,6&0.33 

Balance  unexpended  Jane  30,  1990 3,0132.63 

Tlie  cash  rBceivcd  from  sales  of  pablicationa,  repaymeota  for  freight, 
etc.,  is  to  be  credtteit  on  items  of  expenditure,  as  follows ; 

Meetings 114.60 

Postage  and  telegrapb 1.92 

General  printing 14.50 

IncidenUla 262.03 

Salaries 971.97 

11,366.02 

Sinitbsonian  Contrilintions 115.19  ' 

UiBcellaneo  us  Collections 273.73 

Reports 24.10 

413. 01 

Apparatna   7.50 

Explorations 430.00 

Excbaugee 1,789.98 

»3.<K6.51 

(The  net  expenditures  of  the  lastitation  for  the  year  ending  Juoe  30, 
1890.  were,  therefore,  $33,744.82,  or  $3,905.61  less  than  the  gross  ex- 
penditure, $37,650.33,  above  given. 

All  moneys  received  by  the  Smithsonian  Institution  fi<om  ioterest, 
sales,  refandlng  of  moneys  temporarily  advanced,  or  otherwise,  are  de 
posited  with  the  Treasurer  of  tlie  United  States  to  the  credit  of  the  Sec- 
retary of  the  Institution,  and  all  payments  are  made  by  his  chechs  on 
the  Treasurer  of  the  United  States. 

*  In  addition  to  tbe  above  tl7,68'i.77  paid  Tor  salaries  under  general  expeiuM, 
11,850.04  n:ere  paid  for  services,  vIe,  }1,500  from  the  Iiuilding  acooan^  Mtd  %:tao.M 
f^m  the  library  account.  ^ 

Dg.l.zedl!,GOOi^[c 
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Toar  committee  also  presents  the  following  statements  iu  regard  to 
appropriations  and  expeuditurea  for  objects  intrasted  to  the  care  of  tbe 
Smithsonian  Institution  by  Congress :  • 

INTERNATIONAL  EXCHANGE8, 
AppropriatioD  by  Congrew  for  the  figoal  year  ending  June  30,  1890,  "  for 
cxp«nses  of  tho  system  of  interaatiaual  OKchaiiKes  lietireen  the  Unitwd 
Stat«a  and  foreign  conntrieH  under  tbe  direction  of  the  Smithsonian 
Institntion,  inclndiog  sntariefi  or  compensation  of  all  necessary  em- 
ployes" (Snodry  civil  act,  March  2,  1889.     Pnblioia*,  p.  16) (i5,000.00 

Exptiuiilitrtii  from  Julg  1,  1889,  to  June  30,  1800. 
S*lariee  or  compensation : 

1  ooTBtor,  1-J  months,  at$-208.3;t 8^,499.96 

I  clerk,  12  months,  ntllSO 1.800.00 

1  clerk,  12  months,  at  )I10 I.:t20.0a 

lclerk,12nionth«,  attSO 960.00 

1  clerk,  1-2  months,  at|75 900.00 

1  clerk,  11  months,  at  |75 MO.  00 

1  clerk,  12  months,  at  170 840.00 

1  copyist,  4  months,  atfSO 120,00 

1  copyist,  8  months,  at  t35 280.00 

1  copyist,  9  days,  at  (60 17.42 

I  oapjiat,27  days,  at|30 27.86 

1  copyist,  1  month,  at  (30 30.00 

I  pkcker,  13  months,  at|:J5 900.00 

1  packer,  12  months,  at  l-W 600.00 

I  laborer,  12  months,  at  |4U 490.00 

1  laborer,  8  days,  nt|l.  50 12.00 

1  laborer,  eidaye,  at  JI.50 9,75 

1  laborer,  4  dajH,  at  11.50  ...., '. K.OO 

1  laborer,  34  days,  at  (1.  50 5.25 

1  laborer,  3|  days,  at  $1.50 5,25 

1  agent  (Germaoy),  12  months,  at  t&i.S^ 1,000.00 

1  agent  (England),  12  months,  at(41.66( 500.00 

Total  salaries  or  compensation 113,138.49 

General  expenses: 

i'roight 998.67 

Packing  boxes 443.41 

Printing 146.00 

Postoge 144.52 

Stationery  and  supplies 116.92 

Total  eipenditare  international  exchanges 14,988.01 

Balance  Jnly  1,  1890 11.99 

NOBTH  AMERICAN  ETHNOLOGY. 
Appropriation  by  Congress  for  the  fiscal  year  ending  June  :I0,  1890,  "for 
the  porposeof  oontinntng  ethnological  researiihes  among  the  American 
Indians  under  the  direction  of  the  Secretary  of  the  Smithsonian  Insti- 
tntion, including  salaries  or  coni|>eiisi>tion  of  all  uecesnary  employAi," 

(Sundry  civil  act,  March  2,  1869.     Fab.  154,  p.  16.) 40,000,00 

Balance,  Joly  1,  1889 13,491.22 

63.491.^ 


XX  BEPOBT  Oh-   THE   EXECUTIVE  CoyUITTEE. 

Tb6  Hctaal  oondact  of  these  iovestigatioDS  has  been  contiiiDed  by  the 
Secretary  iu  the  liands  of  M^or  J.  W.  Powell,  Director  of  the  Geologia! 
Sarvey,                                     • 

EUinologs—Expti^Uireifl'omJulgl.lfiSS,  to  ./wm  30,  1890. 

Clanification  of  erpendilvret  (A). 

(o)  Salaries  oc  oomp«Dsatioii : 

3  athttoloKiBta,  Bt|3,000  per  Aiiiiiim t^OOO.OO 

1  ethnologist,  per  annam ^,400.00 

1  archffiologiet,  per  aaunm 3,400.00 

3  ethnolugists,  at  |1,900  per  aunam 6,400.00 

1  amiitaut  ethnologiat,  at  $1,500  per  annam,  1  mouth UKhOO 

1  asaistaut  orchieolagiit,  at  $1,500  p«r  annum,  3  montba..  -  375.00 

I  aaaistant  ethnolof^Ut,  at  $1,500  per  annum,  3  months 375.00 

1  osaistant  etbnologiat,  per  annum 1,400.00 

1  aasistaut  arcbieologisl,  at  $1,400  per  annum,  3  months...  350.00 

1  asaiaUnt  ethnologist,  per  annum l.SOO.OO 

1   assistant  ethnologist,  at  l,ttOO  per  aanam,  3  months  17 

days 354.84 

1  aaaistant  ethoologist,  at  $1,200  per  annum,  9  mouths 900.00 

1  assistant  ethnologist,  at  $1,200  per  add  urn,  9  mouths  ....  900.00 

1  aatietaut  ethnologiat,  at  $1,000  per  annam,  9  months  ....  750. 00 

1  stenographer,  per  anoum 1,000.00 

1  assistant  ethnologist,  at  $900   per  aonnm,  5  months  26 

days 437.50 

lasalstant  ethnologist,  at  $720 per  annnm, 6  months  0 days.  7TG.  00 

1  ethnologlo  aid,  at  $900  pec  annum,  5  montha  25  days 437. 50 

1  ethnologio  aid,  at  $600  per  annum,  7  months  5  days 308.05 

loopyiet,  per  annum 900,  CO 

1  luodeller,  per  annum '. 730.00 

1  modeller,  at  $6C0  per  anuum,  G  months  6  days 340.65 

1  modeller,  at  $600  per  annam,  9  months 450.00 

1  modeller,  at  $660  per  annum,  1  month 55.00 

1  modeller,  2  mouths,  at  $60,   $130;    1  month,  at  $5'>;    9 

months,  at  $50,  $150 6V5.  00 

1  modeller,  at  $720  per  annum,  2  montha .-. 180.00 

1  modeller,  at  $4H0  per  annum,  3  months 180.00 

1  copyist,  per  annnm 720.00 

Icopyist,  at$e00peraDQnm,  Smontha 450.00 

3  clerks,  at  $S00  per  annum 1,800.00 

1  clerk,  per  annum 720.00 

1  messenger,  per  aonnm 600.00 

1  mesaengur,  at  $430  per  annum,  1  monih  33  days 70. 66 

1  modeller,  at  $480  per  annum,  3  iiionlhs  34  days 150.97 

1  interpreter,  at  $900  per  annum,  3  montha 325.00 

Unolaaaified  or  special  Jobs  or  contracts 875.00 

Total  salaries  or  compensation $33,t!3il' 

{i)  Mlsoellaoeoue : 

Travelling  eipenaea ■- 3,956.31 

Tranapurtatiou  of  property 336.43 

Field  Buppliea 752.84 

Field  supplies  for  distribnliun  to  Indians 131. 3S 

Inetramenta 5,18 


REPORT  OF  THE  EXECUTIVE  COMMITTEE.  XXI 

(1)  Ui«oellaDeous — CoDtioiied. 

Laboratory  material |ril.28 

Boofca  foe  library    TSC  12 

Stationery  ftod  drawing  mat«rial 330.45 

IllDstrations  for  report 637.  OH 

Office  famiture 393.38 

Office  sop  pi  iea  and  repairs 206.76 

Telegroma .70 

Bpeaimena IB.  00 

.      87,576.92 

ToUl  expenditare 41,408.09 

Bonded  railroad  oooonuta  settled  by  United  States  Treasnrj GO.0& 

Total  eipenditnre  North  American  ethnology 41,458. 14 

Balance.  Jnlj  1,  1890,  to  meet  ontatonding  liabilitiea 12, 033. 08 

E»p«»4it»ret  raclauijUd  bg  titbjeel-atatleTi  (B). 

SignlangDage  and  picture  writing 4,440.81 

Eiploratitm  of  tuoaoda,  eastern  portion  of  United  States 6,258.^.1 

Besesicfaes  in  aichteology,  eontbwestero  portion  of  United 

States 9.0aa.77 

Besearchea, language o[  North  American  Indians 13,783.37 

Salaries,  office  of  director 4,209.04 

UlnatratioDS  for  report 673. 4G 

ConlingoDt  expense 3,013.71 

41,408.ir9 
Boodedrailroadoeeonntssettled  by  United  States Treosory 50.03 

Total  expenditores 41,468.14 

snmtARr. 

Jnlj  1, 1889: 

Balance  on  hand *13,491.2a 

Appropriation  for  North  American  ethnology,  1890 40,000.00 

5.1, 491, 2-2 

Bipenditnras 41,458.14 

BaUnoe  on  hand  Jnly  1,  1890 12,033.08 

Wliich  balanoe  is  deposited  as  follows : 

iDcndit  of  disbnrsing  agent 2,581.38 

1b  the  United  States  Treaenry 9,451.70 

12,(03.08 
NATIONAL  MUSEUM. 

PBBSKBTATIOH  OF  COLLBGTIONS  JITLT  1,  18M,  TO  JUSE  SO,  1880. 

Approjniation  by  Congress  for  the  fiscal  yeaiending  Jnne  30, 1690,  "for 
"m  preservation,  exhibition,  and  increase  of  the  colleotioos  from  the 
■nrrcyingand exploring  expedttionsof  the  Qovernment,  and  from  other 
*°<in««,  ioclnding  salaries  or  coinpeDsatiou  of  all  necessary  employ^  " 
(Sundty  eiTil  act,  Mnrch  2,  1989.     Public  154,  p.  16) /liO.OOO.W 


XXII  REPORT  OF  THE   EXECUTIVE  COMyiTTEE. 

Expenditum/rom  Jnlg  1,  1889,  to  June  30,  1890.   ■ 

Salaries  or  aontpenBatioD.* 

Dii«ctioD : 

1  Assiatant  Secretary  SniithaoDian  Inatitntion,  in  charge  U.  8.  Sa- 
tionftl  Haseam,  1*2  montha,  at  $3X1.33 $3,999.96 

Scienttfio  staff: 

1  curator,  12  montha,  at  9^00 2, 400.00 

lonrator,  12  months,  at  |iOO i.AM.Ot 

Icarator,  ISmoutba.atlSOO «,400.M 

1  uacator,  13  months,  at  $175 2,  lOO.W 

1  curator, 9  moDths, at  $175 1,675. «3 

1  curator,  3  moatbe,  at  $175 £25.00 

1  onnitor,  IS  luoDtha,  at  $150 1. 800.00 

1  curator, 8  months  11  dayb.at  $150 l,333.£l 

lcnrator,13raonthB,Bt$l45 1,500.0* 

IcnratoTll  months,  at  $100 1,100.00 

1  acting  corator,  12  months, at $160 l.UOO.OO 

1  assistant  cnrator,  12  mouths,  at  $133.33 1,S99.9G 

1  assistant  oncator,  13  months,  at  $133.33 l.SSU.W 

lassistaTit  curator, 9  mouths, at $50,  $450;  1  mouths,  at  $125,  $375  ...  825.00 

1  assistant  curator,  12  mouths,  at  $100 1,300.(« 

las^taQtcnrator,5  mouths,  19  da;a, at  $100  fi6I.i9 

1  agent,  13  months, at  $100 1,300.00 

loollootor,12monthB,»t$80 960.00     ' 

laid,  12  months,  at  $80 96aO0 

laid,  6  mouths  18  days,  at  $80 536*5 

laid,  12  month«,at$75 900.00 

laid,  4  months  33  days,  at  $75 .' 356,® 

1  aid,  la  months,  at  65 780.00 

1  aid,  II  months  16 days, at  $60 690.91 

laid,8  months  10da;s,at$55 45r.« 

31,4:a£ 

Clerical  staff: 

1  chief  clerk,  18  months,  at  $175 2,100.00 

1  corresponding  clerk,  13  months,  at  $158.33 1,899.00 

1  registrar,  13  months, at  $158. 33 1,890.96 

1  disbursing  clerk,  12  months,  at  $100 1,300.00 

I  drafuman,  12  mouths, at  $83.33 iRe.K 

1  assistant  draftsman,  12  months,  at  $40 480.00 

1  oletk,  4  months  30  days,  at  $125 5ga.G 

I  clerk,  13  mouths,  at  $115 l,38aO0    ' 

1  clerk,  13  mouths,  at  $115 1,38U.OO    1 

1  clerk,  13  months,  at  $100 1,200.00 

1  clerk,  13  mouths,  at  $100 l,SiOO.«) 

1  clerk,  12  months,  at  $90 l.OdO.OO 

1  clerk,  13  months,  at  $90 1,080.1% 

1  clerk,  11  months  22  days, at $83.33 969.e6 

Iclerk,  13months,at  $75 900.00 

1  clerk,  13  months,  at  $70 849.W 

*NoTB. — The  paymcnta  of  salaries  for  parts  of  months  in  Jaoaoiy,  March,  Jntj, 
August,  October,  and  December  are  made  on  the  basis  of  31  days,  and  for  tbe  oUm 
mouths  (exrept  February)  at  30 days.  ^ 

Dg.l.zedl!,GOOglc 


BEPOBT  OF  THE   EXECUTIVE  COMMITTEE,  XXIII 

Cleri<»l  BUff— CQDlinaeil. 

Idwk.  10 months  ISdays.at  $70 1733.87 

Ictcik,  6iDODtliB,at|55,t-')30;  6  months,  at  (60,  ^30) 600.00 

Iclerk,  12  months,  atjeo 720.00 

Icluk,  3moDth^at|45,  (135;  3  mnnttu,  35t1ayB,  at|60,f228.39....  363.3» 

lolerb,  1  month  17daya,at|60 93.90 

Iclerk,  Kmontha,  at*55 660.00 

1  clerk,  12  months,  at|5S 660.00 

1  clerk,  3  moDtbs,  at|5& 110,00 

1  clerk,  12  months,  at  (50 GOO.  00 

1  clerk,  13  months,  at  $50 GOO.  00 

1  clerk,  13 months,  at  $50 600.00 

I  clerk,  9  months,  at  $50 450.00 

1  clerk,  2  months,  at  $75,  $150 ;  8  months,  at  $6(1,  $480  ;  3  months,  at 

^$110 740.00 

1  steDographer,  3  months  16  dajB,  at  $100 364.29 

1  typewriter,  13  months,  at  $50 600.00 

1  copyist,  13  months,  at$5S 660.00 

1  copyist,  12  months,  at  $50 600.00 

1  copyist,  13  months,  at  $50 600.00 

1  copyist,  13  months,  at^ 600.00 

1  copyist,  12  mouthy  at  $50 GOO.  00 

1  copyist,  4 months,  ot  $46.66 186.64 

1  copyist,  IS  months,  at  $45 540.00 

1  copyist,  3  months  B  days,  at  $40 130.  S7 

1  copyist,  5  months  19  days,  at  $40 224.53 

1  copyist,  13  months,  at  $40 480.00 

1  copyist  8  months  16  days,  at  $40 340.65 

1  copyist  12  months,  at  $40 490.00 

1  copyist,  7  months  16  days,  at  $40 301.33 

Tcopyist,  2  months  28  days,  at  $40.  $117.33 ;  29  days,  at  $1.50,  $43.50.  160. 83 

1  copyist,  12  months,  at  ^ 420.00 

1  copyist,  6  months  9  days,  at  $35 220.16 

1  copyist,  llmontbulOdaya,  at  $35 396.29 

1  copyist,  7  months  13  days,  at  $30 233.00 

1  copyist,  12moatlu,  at^ 360,00 

1  copyist,  5  months  16  days,  at  $25 137,90 

34,836.83 

Prsparatora: 

Icolorist,  12  months,  at  $110 1,320,00 

1  photographer,  13  mouths,  at  $156.33 1.«I9,96 

1  Uxideimist,  12  months,  at  $125 1,500.00 

1  taxidermiHt,  3  months,  at  $115,  $345;  4  months,  at  $40,  $1G(^  5  months, 

at$15,  $T5 580.00 

1  taxidermist,  12  months,  at  $80 960.00 

1  assistant  taxidermist,  8  months,  at  $60 490.00 

1  assistant  Uiidonnlst,  13mootbs.  at  $60 730.00 

1  assistant  taxidermist,  10  months,  at  $60 600.00 

I  assistant  taxidermist,  12  months,  at  $60 730.00 

1  oanstont  taxidermist,  3  months  39  days,  at  $50 196. 77 

Ipreparator.  12  months,  at  $100 1,200.00 

Ipreparator.  13  months,  at  $60 ', 960,00 

Ipiepotator,  lSmonth8,at$75 900.00 


i.,Ciot")i^[c 


XXrV  REPOET  OP  THE   EXECUTIVE  COMMITTEE. 

Prepurators — Conti  oned . 

1  preparator,  13  raontba,  at|60 jTiO.oo 

Iprapantof,  2  mootlta,  at  9120,  ^340;  2  inontbg,  at  |I0&,  $210;  8 

months,  at  $80, 1640 l.OW.OO 

I  prepftntor,  179^  days,  at  |4  perdieni 714.00 


uildinga  and  labor; 

1  auperioteiideiit  ofbnildtogs,  12  moDtha,  at  $l37.uO 

1  BBsiBtant  BBpeciDteadeDt  of  buildings,  13  nioutba,  atJ^O 

1  watchman,  13  months,  At  (05 

1  watchman,  IS  months,  at  (60 

1  watchman,  13  months,  at  $60 

1  watchman,  12  months,  at  |50 ..   

1  watohmuD,  12  months,  at  t50 

1  watchman,  12  months,  at  f50 

1  watohman,  12  months,  at  |50 

1  watchman,  12  mouths,  at  |50 

1  watchman,  13  mouths,  at  150 

I  watchman,  12  months, at  $50 

1  watchman,  10  months,  at  |50 

1  watchraau,  Smooths  116da;rs, at $50 

t  watchman,  1  month,  at  |40 ;  1  month,  at  $45 ;  8  mouths,  at  $50,  $400 ; 

19  days,  at  $50,  $30.65 

1  watchman,  10  months  19  days,  at  ^ 

1  watchman,  9  mouths  19da;B,  at  $50 

1  watchman,  12  months,  at  $45 

1  watchman,  11   months  37  days,  at  (45 , . 

1  watchman,  12  months,  at  $45 

1  sMlled  laborer,  10  months,  at  $70 

1  skilled  laborer,  12  moulhii,  at  $50 

1  skiUed  laborer,  4  months  35  days,  at  $50 

1  Hhilled  laborer,  6  months,  at  $50.. 

1  skilled  laborer,  3  months  25  days,  at  $10 

I  skilled  laborer,  .'>4  days,  at$2..''>0,  $1^:  154  days,  at  $3.  $308 

1  skilled  laborer,  77  days,  at  $1.50 

1  laborer,  6  months,  at  $45,  $370;  lt!9  days,  nt  $1.50,  $353  50 

1  laborer,  10  months,  at  $45 

llaborer,  4  mouths,  at  $45 

1  laborer,  9  months,  at  $40 

1  laborer,  12  mouths,  at  $40 

llaborer,  9  months,  at  $40,  $360;  2  days,  at  $1.50,  $3 

llaborer,  12  months,  at  $40 

1  laborer,  64  dayB,.at  (1.50 

1  laborer,  11  months,  at  $40,  $440;  19  days,  at  $47,  $39.11 ;  35  days,  at 

$1.50,  $53.50 

llaborer,  312 days,  at $1.50 

llaboMF,  10  months,  at  $40,  $400;  36  days,  at  $1.50,  $54 

llaborer,  13  months,  at  $40,  $460;  I  day,  at  $1.71,  $1.71 

llaborer,  103i  diiys,  (l.-W 

llaborer,  13  months,  at  $40,  (480;   3  days,  at  $1.50,  $4.50 

1  laborer,  317  days,  at  $1.50 ^ 

llaborer,  126i  d«J9.  aE$'-50 

1  laborer,  12  months,  $40,  at  $480 ;  1  day,  at  (1.50 

llaborer,  100  days,  at  (1.50 _^. ... 

.CtOO'^Ic 


REPORT   OF  TIIE  EXECUTIVE  COMMIITEE  XXV 

BuiMEDgsnod  labor — Continued. 

iliborer,  329d»yB,  »t|1.50 $493.50 

lialwrer,  31&dB;ij.  at  11.50 47^.50 

1  laborer,  31Ti  days,  at  1 1.50 47d.O0 

lliborer,  161  days,  ftt ♦1.50 241.50 

llaborer.aM  days,  at  11.50 381.00 

1  laborer,  51  dajB,  at  11.75 89.25 

llaborer,  ISmonthB,  at|40,  9430;  1  day,  at  (1.50 481.50 

1  attendant,  12  mootbs  leas  1  day,  at>40 4Ta7t 

Uttendaot  11  months,  at  $40,  9440;  1  moDtli,  ut  935 475.00 

leleaDer,12  monlba,  atfao 360.00 

I  cleaner,  155  days,  at  91 155.00 

1  cieaoer,  370  days,  at  91 270.00 

1  cleaner,  12  mootba,  at  9;tO 360.00 

1  cleaner,  12  uionths,  at  $30 360.00 

1  messenger,  12  months,  at  945 540.00 

1  messenger,  IS  months,  at  $45 -.  540.00 

1  meuenger,  3  loontliB,  at$:<5 105.00 

1  mesBeoger,  12  months,  at  9^ 300.00 

ImeaMDger,  12  moulha,  at  92S 300.00 

1  meaaenger,  9  months,  at  925 225.00 

1  measenger,  11  moDtha  23  days,  at  $-35 293.^ 

1  measengar,  S  moutfae  21)  days,  at  $20 59.33 

1  messenger,  8  months  4  days,  at  9^ 102.58 

1  measenger,  12  months,  at  980 240.00 

1  meaaenger,  311  days,  91.25 389.75 

30,9t».76 

Tenporaiy  help. 

aaieirt.[do  staff : 

1  specialist,  26  days,  at  $150  per  month 9135.81 

1  expert,  25  days,  at  94  per  diem 100.00 

laid,  1  month,  25  days,  at  $55  per  month 99.35 

1  aid,  14  days,  at  950  per  month  : 23.33 

34B.49 

Clerical  staff : 

I  oleik,  1  month,  at  $45  pot  month 45.00 

1  typewriter,  17  days,  at  $60  per  month , 34.00 

1  typewriter,  30  days,  at  $35  per  month 34.14 

1  copyist,  1  month,  at  $60 60.00 

1  oopyist,  I  month  23  days,  at  $45 79.50 

loopyirt,  1  month,  at  $40 40,00 

1  copyist,  S6 days,  at  $45 41. 7» 

334.42 

Preparators : 

1  taxidermist,  2  months,  at  $50  per  month 100.00 

1  preparator,  24  days,  at  $40  per  month 32.08 

I  preparator,  8  daya,  at  93.30  per  die  ro 1S>.  60 

1J7.68 

Bnildings  and  labor: 

1  watchman,  1  month  15  days,  at  $50  per  month 74.  19 

1  skilled  laborer,  2  months,  at  945  per  month 90.00 

I  laborer,  13  days,  at  91-50  per  diem I'J.i'iO 

1  laborer,  21  days,  at  $1.00  per  diom 31." 


Cooglc 


XXVI  REPOBT   OF   THE    EXECUTIVE    COMMETTEE. 

Temporary  help— Continaeil. 

Buildiuga  aod  labor — CoDtinued. 

1  laborer,  6dayii,at  (l.^perdiem 19.00 

1  laborer,  5  days,  at  $1.50  per  diem. . 7.50 

1  laborer,  35  days,  at  (1. DO  perdiem 37.50 

1  laborer,  10  days,  at  |1  pordiem 10.00 

1  cleaner,  38  days,  at  $1  per  di«m 38. 00 

*317, 19 

1,157.78 
Special  or  contract  work l,3G3.6i^ 

StTMUART. 

Salaries,  prMervation  of  noUectioiu : 

DireotioD 3,999.96 

Scientifio  staff. 31,470.^ 

Clerical  stftff 34,836.83 

Preporatoca 14,564.73 

BuHdiogsand  labor ; 30,985.76 

Temporary  help 1,157.78 

Special  or  contract  work 1,363.68 

Total  salaries  or  oompensation 118,378.% 

MisoelUneous : 

Supplies 4,953.67 

Stationery 3,307.60 

SpeclmeDS 5, 141.48 

Books  and  periodicals 1,307.61 

Travel 1.646.48 

Freight  and  oortase 2,416.93 

17.772.70 

Total  expenditure  to  June  30, 1890,  preserratiou  of  collectiona 136, 151.69 

Balance  Jnly  1,  1890 3  846.  SI 

Disallowance  on  a  bill  for  travelling  expenses 1£, 

Balance  Jnly  1,  1690,  to  meet  ontstanding  liabilities 3,848.76 

nmsiTDRB  AND  FIXTDKES,  JULY  1.  lgg>,  TO  JUNE  30,  IMO. 

Appropriation  b;  ConKress  for  the  Qscal  year  ending  Jnne  30, 1890,  "  for 

eaaes,  fnmitare,  fiztares,  and  appliances  reqnli«d  for  the  exhibition 

and  safe-keeping  of  the  collections  of  the  National  Huaenm,  inolnding 

aalariesor compensation  of  all  necessary  employes"  (Sundry  civil  act, 

March  3, 18811.    Public  154,  p.  16) 30.000.00 

Exfmditnrw  from  July  1,  1889,  (o  Jane  30,  1890. 

Salaries  or  compensation ; 

1  engineeT  of  property,  12  months,  at  $150 1,800.00 

1  clerk,  12  months,  at  $75 $900.00 

1  clerk,  3  months,  at  $50 150.00 

1  copyist,  12  months,  at  $55 660.00 

1.710. 00 

1  carpenter,  foreman,  12  months,  at  $91 l,09!J.0O 

I  cabinet-maker,  313  days,  at  $3 9:19.00 

1  carpenter,  124^  days,  at  $3 373.50 

1  carpenter,  90  days,  at  $3 270.00 

I  carpenter,  2H6  days,  at  $3 858.00 

1  oarpoDter,  52  days,  at  $3 I56.0tl^lC 
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StUrJMor  compeaBatlon — Continued. 

lorpenler,  lKtdaj»,ftt*3 $577.50 

1  carpenter,  150da;e,  at  $3 450,00 

1  carpenter,  3tl  days  at  t3 933.00 

1  carpenter,  99)  days,  at  93 298.50 

1  carpenter,  47  dafB,  at  (3 HI.  00 

1  carpenter,  ISdaya,  at  |3 39.00 

1  carpenter,  S7i<laya,  at |3 113.50 

1  oarpenter,  3  daye,  at  $3 0.00 

|fl,2«.0O 

1  painter,  ISmontba,  at  j65 7S0.O0 

I  painter,  348  days,  at  fS 496.00 

1,876.00 

tHki]Iedlaborer,&4daje,attl.50,981;dDS<layi9,at|l.;5,|3*>4.  445.00 

1  (killed  laborer,  13  m  on  the,  at  $50 600.00 

1  skilled  laborer,  6  months,  at  $50 300. 00 

1  ikilled  laborer,  4  months  and  30  days,  at  $50,  $348.39 ;  3 

day^at|1.50,$3 251.39 

lBkUledUborer,295daj8,at  $2 590.00 

1  skilled  laborer,  309  days,  at  $2 618.00 

I  skilled  laborer,  104  days,  at  $3 308.00 

1  skilled  laborer,  10  months,  at  $45 450.00 

3,462.39 

llaborar.e months, at $45, $360;  6  days,  at$1.50,$9 369.00 

I  laborer,  1  month  8  days,  at  $40 50.33 

1  laborer,  3  months,  at  $40,  $130;  1  day,  al|I.50,$l.50..-..  121.50 

llabonir,230  days,  at  $1.50 345.00 

llaborer, 6 months,  at $40,  $340;  2days,  at$1.50,$3 343.00 

1  laborer,  1  month,  at  $40 40.00 

1  laborer,  3  months,  at  $40 120.00 

1  laborer,  1  month,  at  $30 30.00 

1  cleaner,  3  months,  at  $30 90.00 

1,408. 8a 

W,  906. 21 
Centiact  repolrinK  elevator 20.00 

Total  expenditures  for  salaries  or  eompenBation 15,^26,21 

Msterials,  eto. : 

Exhibition  casee $4,366.77 

Deeignaand  drawings  for  cases 57.00 

Drawers,  trays,  boxes 931.48 

Frameo,  stands,  miscellaneous  wood  work 158.84 

GIms '. 1,875.38 

Hardware  and  interior  fittings  for  cases ^  1,291.07 

Tools 107,37 

Cloths,  cotton,  etc 85.97 

Gla«jarB,eto 395.45 

Camber 1,276.88 

Paints,  oils,  broshea 6S1.68 

Office  fnmitore 605.19 

Chairs  (for  balls) 51.00 

Tin,  lead 90. 9H 

Brick,  plaster 98.00 

Robber  goods 40.87 

IroD  brackets 130.00-, 
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Materials,  etc. — Cou  tinned. 

ApparntuB t60r>.5U 

TravfeUinE  eipenBea 31.95 

$12,8ol.38 

Total  ezpenditore,  Jaly  1, 1SIJ9,  to  June  30,  1890,  furniture  and 
Giturea 28,807.Ei9 

Balance,  Jnl;  1, 1890,  to  meet  oatstanding  KabilitiM 1. 19<.41 

».  TO 

Appropriation  bj  ConKress  for  the  fiscal  year  cndiiiK  Jniio  .lO,  IftW,  "  foT 
expenses  of  li«atioK,  ligbtlng,  and  electrical  and  teleplionio  serviee  foT 
tbe  National  Unseuiu"  (Snndry  civil  act,  March  3,  ISS9.  Pnblio  154, 
p,  Ifi) »12,000.00 

Exptndilta-t>  froM  July  1,  1889,  to  Junn  30,  \S-siO. 

Salaries  or  compensation : 

1  engineer,  6  months  03  da;s,  at  llUO |l,049.0:t 

1  fiKinan,  10 months  [^daya,at|50 595.06 

Ifiretnan,  7  months  112  days,  at  |50 536.87 

IBremao,  13dai^,at|47.50perniODtb 18.39 

1  flremati,19inoDth8,att50 600.00 

1  fireman,  13  months,  at  S50 600.00 

1  flrenan,  II  montb8*2e  days,  at  $50 596.67 

1  fireman,  12  days,  at  |50  per  month 19.  K 

1  fireman, 2  months,  at  |40 80,00 

1  telephone  clerk,  3  months,  at  (35,  (105;  54  days,  at|t.75, 

194.50 I99.SO 

lteiepboQeclerk,13raonlfas.  atteo 720.00 

1  inspector,  job 100.00 


Total  ezpenditarM  for  salaries 5,114.47 

Qenersl  ezpenaes: 

Coal  and  wood tS,0&n.26 

Gas 1,113.82 

Telephones 001.05 

Electric  work 154,40 

Electrical  supplies 110.09 

Bental  of  call-lraxes 100.00 

Beating  repairs   !«9,25  ■ 

Heating  supplies 147.80 

Travel 3.25 


Total  expenditnies,  Jnly  1,  18R8,  to  June  30, 1890,  heating,  light- 
Balance,  July],  1890,  to  meet  ontstanding  liabilities '. 

FOSTAOE.  JDLT  I,  I88>,  TO  JUNE  30,  18M. 

Appropriation  by  Congress  for  the  fiscal  year  ending  Jnne  30,  1890,  "  for 
posttu^  stamps  and  foreign  pontal  cards  for  the  National  Mnsenm" 
(Sundry  civil  oct,  March  S,  1889.    Pnblio  154,  p,  16) 


9,678.85 


REPOKT  OF  THE  EXECUTIVE  COMMlTTEli.  XXIX 

EjrptHdUitrei  from  Juls  1,  188J,  (u  /um  30,  1890. 

ForpoMBgeatamps  and  postal  cards tfiOO.OO 

Balance  Jal7  I,  1890 EiOO.OO 

PBINTING,  JULY  I,  1880,  TO  JUNE  OT,  l«8e. 

Appcophation  bj  Congress  for  the  (iscal  year  eodinx  June  30, 

IBM),  "Tor  priQting  labels  and  blanks  for  tbe  nxe  of  tbe 

Nationnl  UnaeDm  and  for  tbe  Bnllutins  and  annual  Tolnnies 

oftbeprooeediugBof  the  Uiiaemn"  (Sundry  civil  act,  Uarcb 

2,1889.    Public  154,  p.  45)   $10,000.00 

Appro |iriation  in  deQcieocj  act  upproTcd  Ducetober  19,  li^O 

(Foblic  1,  p.  1) 745.16 

10,745  16 

erpe»(lUiire/rom  JaUj  1,  1880,  to  Jalg  30,  1890. 

BntletiDs  Noa.  34,  36,  36,37 t3,ZI5.94 

Proceedioga,  vols,  xi,  xii,  siii 3,  IST.Oa 

Eilnu  from  Hnaenm  Reports 744.43 

Circolari 44.40 

Libels  for  specimens .  2, 197.01 

Letter  heads,  memorandum  pitils,  and  envelopes 318.74 

Blsnbs,  time  books,  order  books,  etc 832.54  . 

Caulogne  cards 121.56 

CongrBEsioiial  Rocords 48.00 

Total  expenditnre  Jalf  1,  1889,  to  Jane  30,  ISUO,  printing,  Musenm     10,680.61 

BalasceJnly  1, 1B90... 64.55 

OTHER  MUSEUM  APPROPRIATIONS. 

PfiBSERVATIOy  OF  COLLECTIONS,  188T-M. 

BiUooe  Jnly  1,  1889,  as  per  last  report 42.69 

ExpeaditiiTn  from  July  1,  lc$89,  to  Jane  30,  1890. 

Books $3.46 

Travel , 37.05 

Serviees .31 

Balance 1.37 

FUBNITORB  AND  FIXTtJKES.  1«S;-'S8. 

BsUtice  Jolf  1,  1S89,  as  per  last  report 21.96 

RB&rrsQ,  hiautiHG.  etc..  isbt-bs. 

BdanceJnIy  I,  1889,  as  per  last  report 3.70 

The  above  baluDces,9t.37,t21.96,  $3.70,  were  carried  under  the  action 
of  Revised  atatntes,  section  3090,  by  tiio  Treasury  Deiiartmeot,  to  tUe 
cndit  of  tUe  sarplus  faod  Jtine  30, 1890. 

Dg.l.zedl!,ClOOglc 
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FRKSEBVATION.  Uag-'». 

BalftuoeJoJ;  1,  1889,  u  pei  ItMt  report $4,138.34 

ExpfndUire*  from  July  1,  1889,  to  JK»t  30,  1890. 

SkIaHm  or  oompeDsatioD |l&4.g9 

Sapplles 1,032,82 

Sutionery 58.49 

Spncinwiia 2,017.19 

Books 489.43 

Ti»toI 65.  M 

Freight. 364.60 

Total  oxpenditare 4,183  16 

BaUnca 15.  W 

FUBNITDRE  A}ID  FIXTDBSS,  1SS»-'8D. 

BalsDoe  Jnly  1, 1HS9,  m  per  last  report 2,B£l.ffi 

B^udUure4  from  Julg  1,  1BS9,  lo  June  30,  1890. 

Exhibitioti  OROM (535.74 

DrawiDgs , 65.00 

Drawers,  traya,  boxes 650.80 

Fiamea,  staods,  woodwork 3ti.  10 

Hardware  and  tools, 569.47 

Cloth C9.ll 

ataesjara 62.50 

Luoibor 186.84 

PaiDta 4.» 

Offloefnroitnre 43.98 

Metal  work 431.68 

Slate,  brlok,  planter 148.50 

TraTOl 5.45 

Camera 25.00 

2,(«!.ffi 

Balance  deposited  lo  the  (J.  S.  Treasury,  Hay  31,  1890 .U 

HEATING,  LIGQTIBa,  ETC.,  IBSB-'M. 

Bataoce  July  1,  1889 l,Oe9.S3 

Expendiluit* ^<m  July  1, 1889,  to  Jux*  30, 1890. 

Gas t77.26 

TelopUoues 200.00 

Klectrio  work , 578.00 

Reotalof  call  boies ■ 10.00 

Heating  repairs 220.  OH 

1,085.M 

Balance -■ 3.39 
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NATIONAL  ZOOLOGICAL  PARK. 

AppropriatiOD  by  Congress  "for  the  orgaaization,  improvement,  and 
maintenance  of  the  Katioual  Zoological  Park," 

BtittM«eledh)ikt  Striate  and  Bome  of  Seprftentativei  of  the  United  Stalet  of  Amtrioa 
iaClvB^TM*  oKiemiM,  That  the  one-balfof  the  following  stimsnameiireepeativuly  is 
herab;  Bppropriat<^  out  of  auy  roouoy  in  the  Treasury  nut  otlierwiae  appropriatcil, 
taH  the  otberhalf  out  of  the  revennea  of  the  District  of  Coliimbia,  for  theorgani- 
■alion,  improvemeDt,  and  maioteuanco  of  the  National  Zoi>1ogical  Park,  to  be  ux- 
pnided  niidertheilirectioaof  tbeReg^nteof  the  SmithHOtiiati  IiiBtitutiou,  and  to  be 
dnvn  OQ  their  requisitioa  and  diibnned  by  thediabbnitig  olBcer  of  said  loBtitn  tion: 

For  the  abetter  of  animala <15,000.00 

For  shelter  bams,  cages,  feooes,  and  inoloiturea,  and  other  provisioiiB 

for  the  cnstody  of  auimala 9,000.00 

For  repairs  to  the  Holt  mansion  to  make  the  sama  aoltable  Cor  oocn- 

panoy,  and  for  office  fnmiture 2,000.00 

For  the  oreatioii  of  artiScial  ponds  and  other  provisions  for  aquatio 

animals 2,000.00 

For  water  snpply,  seweragd  and  drainage 7.000.00 

For  roads,  waltis,  and  bridges 15,000.00 

For  misceUaneous  supplies,  materials,  and  sundry  iucidenlal  ezpeosee 

not  otherwise  provided  for 5, 000. 00 

For  cnrrent  eipeuse*,  incinding  the  maintenance  of  collections,  food 
supplies,  salaries  of  all  necessary  cmp1oy<S»,  and  the  acquisition  and 

transportation  of  apecimens -- 37,000.00 

Src.  S.  That  the  National  Zoologioal  Park  is  hereby  placed  under  the 
diicction  of  the  Kegenta  of  the  Smitbaonian  Institution,  who  are  author- 
iced  to  traiufer  to  it  any  living  specimens,  whether  of  animals  or  plants, 
now  or  hereafter  in  tbeir  charge ;  to  accept  gifts  for  the  park,  at  their  dis- 
trekiou,  in  the  name  of  tbo  United  Stales;  to  make  exchiinges  of  speci- 
iDsni,  and  to  sdmiuiBter  the  said  Zoological  Park  for  the  advancement  of 
Kinice  and  the  instr action  and  recreation  of  the  people. 

Sec.  3.  That  the  heads  of  Executive  Departments  of  the  GoTemment 
are  hereby  authoriEed  and  directed  lo  cause  to  be  rendered  all  iiecesaary 
and  praetionl  aid  to  the  said  Regents  in  the  acquisition  of  cotleottODB  for 
the  Zoological  Park. 
Approved  April  30,  1890. 

93,000.00 
EtpemdiinTee  from  April  JO,  1890,  to  June  30,  1890. 

Sbslter  barns,  cages,  etc (43  S3 

UiBcellaneona  snppliea 157  &7 

ConcDt  expenses 717  10 

Total  expenditures  Kaiional  ZoSlogical  Park 918.50 

Balance  July  I,  1890 91,081.50 

EECAPITULATION, 
The  total  amount  of  the  funds  administered  by  the  Institation  dnr- 
■DK  the  year  ending  Jnne  30, 1890,  appears,  from  the  foregoing  state- 
ments and  the  accoant  books,  to  have  been  as  follows : 

tVom  balance  of  la«tyear,  July  1,  1889 $11,757.47 

^"lom  interest  on  Smithsonian  fund  for  the  year , 42,1(^0.00 

FioiD  ulea  of  publications , , 416.01 

Prom  rsp^y men ts  for  freights,  etc 3,  4S9.50 

fnwi  special  gifts  for  astropbyeical  research 10.000.00 

Total «7,SI8.98 

Dcmized  by  Google 
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ApproprialionM  commitled  bg  iJongrut  to  Ike  oart  of  1A«  ImiHUitioK. 

iDtematioaal  exchangea: 

From  balsace  i>f  last  r<iBr,  July  I,  1H89 |21.80 

Appropriation  for  iet»-'90 IS,  000. 00 

Total 116,021.80 

North  American  ethnologj : 

FrombalaQce  of  last  year,  JdIj  I,  18K> $13,491.23 

AppropriatioD  for  I889-'90 40,000.00 

ToUl 53.491.28 

Freaeivatiou  of  collectiouB: 

From  balance  of  1887-'g8,  Jaly  1,  1889 143.69 

From  balance  of  I8e8-'89,  Jaly  1,  1889 4,198.34 

From  appropriation  for  1889-'90 140,000.10 

Total 144,241,03 

PamitDre  and  fiitnrea: 

From  balanoe  of  188T-'8a,  Jalj  I,  l':89 tl8.71 

From  balance  of  1888-'89,  Jniy  1,  1889 2,8-i3.22 

From  appropriatioa  for  ie8»-'90 .to,  000. 00 

Total '. 32.841.93 

HoattDg,  lighting,  etc.: 

From  balanceot  18A<'88,  July  1,  1889 $3.70 

From  balance  of  1884-'d9,  Jnly  1,  1889 1,089.33 

From  appropriation  for  1869-'90 13.000.00 

Total 13,093.03 

Postage: 

From  appropriation  for  ISeg-W I,00U.0O 

Printing: 

From  appropriation  for  leS9-'90 10,740.16 

National  Zoological  Park : 

(om  appropriation  of  April  30,  1890 92,000.00 

$362, 4S4. 17 

Grana  total 454,^77.15 

Tbe  committee  has  examined  tbe  voaehers  for  piv^ymentsmade  from 
tlie  Smitlisonian  income  dariuef  the  year  ending  Juue  30, 1890,  all  of 
whicb  beur  the  approval  of  the  Secretary  of  tlie  loetitution,  or,  in  his 
absence,  of  the  AsBistant  Secretary  as  acting  Secretary,  and  a  certificate 
that  the  matorialB  and  services  charged  were  applied  to  tbe  purposes 
of  the  Inatitiitioti. 

Tbe  coi"  ..ittee  has  also  examined  the  accounts  of  tbe  ''loterna- 
tional  E-  ^ctnges,"  and  of  the  "  National  Mnsenm,"  and  of  the  "  National 
Zoi31ogical  Park,"  and  findH  that  tlie  balances  above  given  correspond 
with  the  certificates  of  tbe  disbursing  clerk  of  the  Smithsonian  lostita- 
tiou,  whose  api>ointment  as  snch  disbursing  officer  was  accepted  and 
bis  bonds  approved  by  tbe  Secretary  of  tbe  Treasury. 

Tbe  quarterly  accounts  current,  the  vouchers,  and  journals  have  been 
examined  and  found  correct. 

Tbe  abstracts  of  expenditures  and  balance  sheets  ander  the  appropri- 
ation for  "North  American  Ethnology"  have  been  exhibited  to  us;  the 
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vouchers  for  the  ex[>en(litares,  after  approvul  by  the  Direutor  of  tUe 
Burea.a  of  li^thnology,  are  patil  by  tlie  disbursing  olerk  of  said  Bureau, 
and,  after  approval  by  the  Secretary  of  the  Staitheonina  Institution, 
are  traDscaittod  to  the  accounting  officers  of  the  Treasury  Depsrtmeut 
for  settlement.  The  disbursing  officLT  of  the  Bureau  i»  accepted  as 
sQch,  a,ncl  his  bonds  approved  1>y  the  Secretary  of  the  Treasury.  The 
balauce  available  to  meet  outstamling  liabilities  on  July  1,  1S90,  as 
reported  l>y  the  disburing  clerk  of  the  Bureau,  is  $12,033.08. 

Strntumti-mt  of  reffulariaeoiMfToyn  Ike  SnilhioniaH  Fund  la  he  available /or  ug«fn  like  year 
endinfi  June  30,  1890. 

Balance  ou  Iianil  Jnne3i),  ISJl (30,102.65 

lDl«r«at  <lu«  and  receivable  Jaly  1,  1890 121,090.00 

lDt«re«t  due  and  receivable  Jan  nary  1,  1891 31,090.00 

42,180.00 

Tot»l  available  for  year  oniling  Juno  .to,  1891 72,372.65 

Respectfally  submitted 

Jaues  0.  Wbllino, 
Henry  Copp^e, 
M.  C.  Mbioh, 

Executive  Committee, 
Washinoton,  1>.  C,  Iffivember,  1890. 
H.  Mia.  129 m 
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XSXTI  ACTS  AND  EBS0LUTI0N8  OF  C0K0RBS8. 

Sec.  4.  That  the  Secretary  of  State  of  the  Unite^l  States  sbalL  i» 
mediately  after  the  pasmige  of  this  act,  notify  the  governors  of  tlM 
several  States  and  l^rritories,  respectively,  thereof  and  request  sach 
notniuations  to  be  made.  Tlie  commissioners  so  appointed  sliall  be 
called  together  by  the  Secretary  of  State  of  the  United  States  jo  the 
city  of  Chicago,  by  notice  to  the  coDimissioners,  as  soon  as  convenient 
after  the  apiwiutnieiit  of  6»id  commissiouers,  and  vituin  thirty  days 
thereafter.  The  eaid  commissionerB,  at  said  first  meeting,  shall  organ- 
ize by  the  election  of  such  officers  and  the  appointment  of  such  com- 
mittees as  they  may  deem  expedient,  and  for  this  purpose  the  commis- 
sioners present  at  said  meeting  shall  constitute  a  quorum. 

Sec,  5.  That  said  commission  be  empowered  iu  ita  discretioii  to 
accept  for  the  purposes  of  the  WorkVs  (.'olnmbian  Exposition  such  site 
as  may  be  selected  and  offered  utid  t*ach  plans  and  speciAcatious  of 
bnildiugs  to  be  erected  for  such  purpose  ut  the  expense  of  and  tendwcd 
by  the  corporation  organized  under  the  laws  of  the  State  of  Illiuoia, 
known  as  "The  World's  ExiM>sition  of  eighteen  hundred  and  ninety- 
two:"  Provided,  TLiit  said  site  so  teudei-ed,  aud  the  bnildings  pro- 
posed to  be  erected  thereon  shall  be  difcmetl  by  said  commission  ade- 
quate to  the  purposes  of  said  exi>08ition:  Andprovided,  That  said  com- 
mission  shall  be  satisfied  that  the  said  corporation  has  an  actual  buDa 
fide  ami  valid  subscription  to  its  capital  stock  which  will  aecnre  tbe 
payment  of  at  lea^tflve  millions  of  dollars,  of  which  not  less  than  five 
hundred  thousand  dollars  shall  have  been  paid  iu,  aud  that  the  farther 
snm  of  five  million  dollars,  making  in  all  ten  million  dollars,  will  be 
provided  by  said  corporation  in  ample  time  for  its  need^l  use  daring 
the  prosecution  of  the  work  for  the  complete  preparation  for  eaid 
exposition. 

Sec.  0.  That  the  said  commissioa  shall  allot  space  for  exbibibws, 
prepare  a  classification  of  exhibits,  determiue  the  plan  and  scope  of 
tlie  exiwsitioo,  and  shall  apgioint  all  Judges  and  examiners  for  the  ex- 
position, award  all  premiums,  if  any,  and  generally  have  charge  of  all 
intercourse  with  thu  exhibitors  and  the  represeuta lives  of  foreign 
uatious.  And  said  commissioa  is  authorized  and  required  to  appoints 
board  of  lady  managers  of  &uch  number  aud  to  perform  such  duties  as 
may  be  prescribed  by  said  commission.  Said  board  may  appoint  ooe 
or  more  members  of  all  committees  authorized  to  award  prizes  lor 
exhibits,  which  may  be  produced  in  whole  or  in  part  by  female  labor. 

Seu.  7.  That  after  the  plans  for  said  exposition  shall  bo  prepared  by 
said  corporation  and  approved  by  said  commission,  the  rules  and  regu- 
lations of  said  corporation  governing  rates  for  entrauce  and  admiasiou 
fees,  or  otherwise  att'ecttug  the  rights,  privileges,  or  iuterests  of  the 
exhibitors  or  of  the  public,  shall  be  fixed  or  estoblished  by  said  corpo 
ration,  subject,  however,  to  such  modificatiou,  if  any,  as  may  be  im- 
pced  by  am^orityof  said  commissioners. 

Seo.  8.  That  the  President  is  hereby  emiwwered  and  directed  to 
hold  a  naval  review  in  New  York  Harbor,  in  April,  eighteen  huudred 
and  ninety-three,  and  to  extend  to  foreign  nations  an  invitation  to  wnd 
shiiis  of  war  to  join  the  Uuiti^d  States  !^avy  iu  rendezvous  at  Uami)- 
ton  Roads  and  proc:eed  thence  to  said  review. 

Sec.  9.  That  said  commission  shall  provide  for  the  dedication  of  the 
buildings  of  the  World's  Columbian  Exposition  in  said  city  of  Chiotgo 
on  the  twelfth  day  of  October,  eighteen  hundred  and  ninety-two,  with 
appropriate  ceremonies,  and  said  exposition  shall  be  open  to  visitors 
not  later  than  the  first  day  of  May,  eighteen  Inndredaud  niuety-three^ 


ACTS  AHD  RESOLUTIONS  OP  C0KGRES8.  XXiVlI 

and  Bholl  be  dosed  at  such  time  as  tbe  commissiou  may  determine,  but 
Dot  later  thau  the  thirtieth  day  of  October  tbereafter. 

8Ka  10.  Tbat  whenerer  the  President  of  the  0uited  States  shall  be 
notified  by  the  commissioQ  tbat  provision  has  been  made  for  gronnds 
and  buildiDgs  for  tbe  uses  herein  provided  for  and  there  ba3  also  beeu 
tiled  vith  him  by  tbe  said  corporation,  known  as  "Tbe  World's  Ezjm- 
sitiou  of  eighteen  baudred  and  ninety-two,"  satisfactory  proof  that  a 
Haiu  not  less  tbaa  ten  million  dollars  to  be  used  and  expended  for  the 
(inrposes  of  the  exposition  heroin  antborized,  has  in  fact  been  raised 
or  provided  for  by  subscription  or  other  legally  binding  means,  shall 
1mi  aathorized,  through  tbe  Department  of  State,  to  make  proclamation 
of  the  same,  setting  forth  the  time  nt  wbiob  tbe  exposition  will  open 
aud close, and  the  place  at  which  it  will  be  held;  and  he  shall  com- 
municate to  the  diplomatic  representatives  of  foreign  nations  copies  of 
(lie  same,  together  with  such  regulaliona  as  may  be  adopted  by  tbe 
commission,  for  publication  in  their  respective  countries,  and  be  shall, 
iu  behalf  of  the  Government  and  people,  invite  foreign  nations  to  take 
part  ID  the  said  exposition  and  ap[ioiut  represeuUtivea  thereto. 

Sec.  11.  Tbat  all  articles  which  shall  be  imi^orted  from  foreign 
conntries  for  the  sole  purpose  ofeshibition  at  said  exi>08ition,U|K>n  which 
there  shall  be  a  tariff  or  customs  duty,  shall  be  admitted  free  of  payment 
of  duty,  customs  fees,  or  charges  uuder  such  regulations  as  the  Secre- 
tary of  the  Treasury  sliall  prescribe;  but  it  shall  be  lawfiil  at  any  time 
during  the  exhibition  to  sell  for  delivery  at  the  close  of  the  exposition 
any  goods  or  property  imported  for  and  actually  on  exhibition  ia  the 
exposition  buildings  or  on  its  grounds,  subject  to  such  regulations  for 
the  security  of  the  reveune  and  for  tbe  collection  of  the  import  duties 
as  the  Secretary  of  the  Treasury  shall  prescribe:  Provided,  That  all 
sDch  articles  when  sold  or  withdrawn  for  consumittion  in  the  United 
Slsitcs  shall  be  snbject  to  the  duty,  if  any,  imposed  upon  such  articles 
by  the  reveune  laws  in  force  nt  the  date  of  importation,  and  all  penal- 
lies  prescribed  by  law  shall  be  applied  and  enforced  against  snch  arti- 
cles, and  against  tbe  persons  who  may  be  guilty  of  any  illegal  sale  or 
withdrawal. 

8EC.12.  That  the  sum  of  twenty  thousand  dollars,  or  as  much  thereof 
as  may  be  necessary,  be,  and  the  same  is  hereby,  appropriated,  out  of 
any  moneys  in  the  Treasury  not  otherwise  appropriated,  for  the  re- 
mainder of  the  present  fiscal  year  and  for  the  fiscal  year  ending  June 
thirtieth,  eighteen  hundred  and  ninety-one,  to  be  expendetl  nuder  tbe 
tlirection  of  the  Secretary  of  the  Treasury  for  purposes  connected  with 
the  admission  of  foreign  goods  to  said  eshtbitiou. 

6eg.  13.  That  it  shidl  be  tbe  duty  of  the  commission  to  make  report 
from  time  to  time,  to  the  President  of  tbe  United  States  of  the  progress 
of  tbe  work,  and,  in  a  final  report,  present  a  full  exhibit  of  the  results 
of  tbe  ex[>osition. 

Bbc.  14.  That  the  commission  hereby  authorized  shall  exist  no  longer 
than  until  tbe  fiist  day  of  January,  eighteen  hundred  and  ninety-eight. 
Sec.  15.  Tbat  tbe  United  States  shall  not  in  any  manner,  nor  under 
any  circumstances,  be  liable  for  any  of  tbe  acts,  doings,  proceed- 
ings or  representations  of  tbe  said  corporation  organized  under  the 
lua  of  the  State  of  Illinois,  its  officers,  agenta,  servants,  or  eiQi>loyes, 
otany  of  them,  or  for  the  service,  salaries,  labor,  or  wages  of  said  officers, 
^ntit,  servants,  or  employes,  or  any  of  them,  or  for  any  subscriptious 
^'>tlte  capital  stock,  or  for  any  certificates  of  stock,  bonds,  mortgages, 
w  obligations  of  any  kind  issued  by  said  corporation  or  for  any  debts. 
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liabilities,  or  expeuaes  of  any  kind  whatever  atCending  such  oorporation 
or  accruing  by  reason  of  the  same. 

Sec.  16.  That  there  snail  be  exhibited  at  said  exposition  by  the  Got- 
erument  of  the  United  States,  from  its  Executive  Bepartmeuta  the 
Smithsonian  Institution,  the  United  States  Fish  Commission,  and  tbe 
National  Museum,  such  articles  and  materials  as  illustrate  tbe  func- 
tioD  and  administrative  fticulty  of  the  Government  in  time  of  peace 
and  its  resources  aa  a  war  power,  tending  to  demonstrate  the  nature  <rf 
our  institutions  and  their  adaptation  to  the  wants  of  the  people;  and  to 
secure  a  complete  and  harmonious  arrangement  of  such  a  Goveroment 
exhibit,  a  board  shall  be  created  to  be  charged  with  the  selection,  pnp- 
aration,  arrangement,  safekeeping,  and  exhibition  of  nnoh  articles  and 
materials  aa  the  heads  of  the  several  Departments  and  the  directors  of 
tbe  Smithsonian  Tngtitutiou  and  the  National  Museum  may  respectively 
decide  shall  be  embraced  in  said  Government  exhibit.  The  President 
may  also  designate  additional  articles  for  exhibition.  Such  board  shall 
be  composed  of  one  person  to  be  named  by  the  head  of  each  Bxecntire 
Department,  and  one  by  the  directors  of  the  Smithsonian  Institntion 
and  the  National  Museum,  and  one  by  the  Fiith  Commission,  such  se- 
lections to  be  approved  by  the  President  of  the  United  States.  The 
President  shall  name  the  cbairmau  of  said  boRrd,  and  the  board  itself 
shall  select  such  other  officers  as  it  may  deem  necessary. 

That  the  Secretary  of  the  Treasury  is  hereby  authorized  and  directed 
to  place  ou  exhibition,  upon  such  grounds  as  shall  be  allotted  for  tbe 
purpose,  one  of  the  life-saving  stations  authorized  to  be  constructed  on 
the  coast  of  the  United  States  by  existing  law^,  and  to  cause  the  same 
to  be  fully  equip|)ed  with  all  apparatus,  furniture,  and  appliances  now 
iu  use  in  all  life-saving  stations  in  the  United  States,  said  building  and 
apparatus  to  be  removed  at  the  close  of  tbe  exhibition  and  re^rected 
at  the  place  now  authorized  by  law. 

Sbo.  17.  That  the  Secretary  of  the  Treasury  shall  cause  a  suitable 
building  or  buildings  to  be  erected  on  the  site  selected  for  the  World's 
Columbian  Exposition  for  the  Goverumeut  exhibits,  as  provided  in  Uiit 
act,  and  he  is  hereby  authorized  and  directed  to  contract  therefor,  iQ 
the  same  manner  and  under  the  same  regulations  as  for  other  public 
buildings  of  the  United  Stat«s;  but  the  contracts  for  said  buildingor 
buildings  shall  not  exceed  the  sum  of  four  hundred  thousand  dollars, 
and  for  the  remainder  of  the  fiscal  year  and  for  tbe  year  ending  June 
thirtieth,  eighteen  hnndred  and  uinety-oue,  there  is  hereby  appropri- 
ated for  said  building  or  buildings,  out  of  any  money  in  the  Treasury 
not  otherwise  appropriated,  the  sum  of  one  hundred  Ihousaud  dollars. 
The  Secretary  of  the  Treasury  shall  cause  the  said  building  or  build- 
ings to  be  constructed  as  far  as  possible,  of  iron,  sleel,  and  glass,  or  of 
such  other  material  as  may  be  taken  out  and  sold  to  the  best  advantage; 
and  he  is  authorized  and  required  to  dispose  of  such  building  or  build- 
ings, or  the  material  composing  the  same,  at  the  close  of  the  expositioa, 
giving  preference  to  the  city  of  Chicago,  or  to  the  said  World's  Expo- 
sition of  eighteen  hundred  and  ninety-two  to  purchase  the  same  at  ao 
appraised  value  to  be  ascertained  ip  Huch  manner  as  he  may  determine- 

Seo.  18.  That  for  the  purpose  of  paying  the  expenses  of  transporta- 
tion, care,  and  custody  of  exhibits  by  the  Government  and  the  main- 
tenance of  the  building  or  buildings  hereinbefore  provided  for  and  the 
safe  return  of  articles  belonging  to  the  said  Government  exhibit,  and 
for  the  expenses  of  the  commission  created  by  this  act,  and  other  con- 
tingent expenses,  to  be  approved  by  the  Secretary  of  the  Treasury,  npoo 
itemizt^d  accounts  and  vouchers,  there  is  hereby  appropriated  for  tbe 
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remainder  of  this  fiscal  year  and  for  the  fiscal  year  eudiug  June  thirtieth, 
dgbteeo  haodred  and  ninety-one,  out  of  any  money  in  the  Treaanry 
Dot  otbervise  appropriated,  the  sum  of  two  hundred  thousand  dollars, 
oraomueh  thereof  as  may  be  necessary:  Prodded,  That  the  United 
Sbttes  shall  not  be  liable,  on  account  of  the  erection  of  buildings,  ez- 
peosea  of  the  com  tniasion  or  any  of  its  officers  or  employees,  or  on  account 
of  any  expenses  incident  to  orgrowingont  of  said  espoaition  for  a  sum 
eifieediug  in  the  aggregate  one  million  five  baudred  thousand  dollars. 

Ssa  19.  That  the  commissionera  and  alternate  commissionera  ap- 
pointed under  this  act  ahall  not  be  entitled  to  any  compensation  for 
their  services  out  of  tbn  Treasury  of  the  United  titatea,  except  their 
actosl  expenses  for  transportation  and  the  sum  of  six  dollars  per  day 
for  snbatstence  for  each  day  they  are  necessarily  absent  from  tlieir 
homes  on  the  business  of  said  commission.  The  officers  of  said  com- 
mission shall  receive  such  compensation  as  may  be  fixed  by  aaid  com- 
mission, subject  to  the  approval  of  the  Secretary  of  the  Treasury,  which 
shall  be  paid  oat  of  the  sums  appropriated  by  Congress  in  aid  of  such 
eiposition. 

8eo.  20,  That  nothing  in  this  act  shall  be  so  construed  as  to  create 
aoy  liability  of  the  United  States,  direct  or  indirect,  for  any  debt  or 
obligation  incurred,  nor  for  any  claim  for  aid  or  pecuniary  assistance 
from  Congress  or  the  Treasury  of  the  United  States  in  snpport  or  liqui- 
dation of  any  debts  or  obligations  created  by  said  commission  in  excesa 
of  appropriations  made  by  Congress  tbereTor. 

Seo.  21.  That  nothing  in  this  act  shall  be  so  construed  as  to  override 
or  interfere  with  the  laws  of  any  State,  and  all  contracts  made  in  any 
State  for  the  purposes  of  the  exhibition  shall  be  subject  to  the  laws 
thereof. 

Sbo.  22.  That  no  member  of  said  commission,  whether  an  officer  or 
otherwise,  shall  be  personally  liable  for  any  debt  or  obligation  which 
may  be  created  or  incurred  by  the  said  commission. 

Approved,  April  25,  1800. 


tl  Zoological  Park. 

Bt  a  enaeted  by  the  Senate  and  Hovte  of  Repreaentativei  of  t/M  United 
State*  of  America  in  Cimgreta  assembled,  Thattheoue-balfof  thefollow- 
iug  sams  named,  respectively,  is  hereby  appropriated,  out  of  any  money 
in  the  Treasury  not  otherwise  appropriated,  and  the  other  half  out  of 
the  revenues  of  the  District  of  Columbia,  for  the  orgunization,  improve- 
ment, and  maintenance  of  the  National  Zoological  Park,  to  be  expended 
nnder  the  direction  of  the  Regents  of  the  Smitliconian  lustitntion,  and 
to  be  drawn  on  their  requisition  and  disbursed  by  the  disbursing  officer 
for  said  Institution : 

For  ttie  shelter  of  animals,  fifteen  thousand  dollars. 

F<ff  shelter-bams,  cages,  fences,  and  inolosores,  and  other  provisions 
for  the  onstody  of  animals,  nine  thousand  dollars. 

For  repairs  to  the  Holt  mansion,  to  make  the  same  suitable  for  occu- 
paocy,  and  for  office  furniture,  two  thousand  dollars. 

For  the  creation  of  ari;iflcial  ponds  and  other  provisions  for  aqnatio 
Mimals,  two  thousand  dollars 

For  water  anpply,  sewerage,  and  drainage,  seven  thousand  dollars. 

For  roads,  walks,  and  bridges,  fifteen  thousand  dollars. 

For  miscellaneoas  supplies,  materials,  anil  sundry  incidental  ez- 
PHiea  not  otherwise  provided  for,  five  thousand  dollars. 


Dg.l.zedl!,GOOglc 


XL  AUTS   AND    KEHOLUTIONS   OK   C0N0RKS8. 

For  cnrreut  oxjieiises,  iiicludiiig  the  tnaiDteuaace  of  collections,  food 
anpplies,  salaries  of  all  necessary  emplojeea,  and  the  acquisitiou  and 
traDsportatiou  of  specimeos,  tbirty-seren  tbouaand  dollars. 

Sbo.  2.  That  the  ^Katiouid  Zoological  Park  ia  hereby  placed  nndn 
the  directions  of  the  itegents  of  the  Smilbsonian  Institution,  who  ate 
authorized  to  transfer  to  it  any  living  specimens,  whether  of  animals 
or  plants,  now  or  hereafter  in  their  ciiarge,  to  accept  gifrs  for  the  part 
at  their  discretion,  in  the  name  of  the  United  Staten,  to  make  exchange 
of  specimens,  and  to  administer  the  said  Zoological  Park  for  tbe  ad- 
rancement  of  science  and  the  iiistrnction  and  recreation  of  tbe  people. 

Sec.  3.  That  the  beads  of  executive  departments  of  tbe  GovenimeiiC 
are  hereby  aatborized  and  directed  to  cause  to  be  rendered  all  neces- 
sary and  practicable  ai<l  to  the  said  regents  in  tbe  acquisition  of  col- 
lections for  the  Zoological  Park. 

Approved,  April  30,  1890. 

SMITBSONIAN  INSTITUTIOH. 

International  exchanges:  For  expenses  of  tbe  system  of  inter- 
national exchanges  between  tbe  United  Btates  and  foretf^n  countries, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  compensation  of  all  necessary  employees,  aeventeeo  thousand  dol- 
lars. 

KoRTH  Ahertcan  ETHNOLOGY:  For  continuing  ethnological  re- 
searches among  the  American  Indians,  un<ler  the  direction  of  the 
Smithsonian  Institution,  including  salaries  or  compensation  of  all  nec- 
essary employees,  forty  thousand  dollars. 

Repairs,  Smithsonian  Building:  For  fire  proofing  the  so-called 
chapel  of  the  west  wing  of  tbe  Smithsonian  Building,  and  for  repairing 
theroof  of  tbemain  buildinff  and  the  ceiling  and  plastering  of  tbe  main 
Hall  of  the  building,  twenty-five  thousand  (lol[arB,8aid  work  to  be  done 
under  tbe  supervision  of  tbe  Architect  of  the  Capitol,  with  tbe  approval 
of  the  Regent«  of  the  Smithsonian  Institution,  and  no  portion  of  tbe 
appropriation  to  be  used  for  sky-lights  in  tbe  roof  uor  for  well-bole  in 
the  Boor  ol  the  main  building. 


HEATnfG  AND  LIGHTING:  For  expense  of  beating,  lighting,  eleC' 
trical,  telegraphic,  and  telejibonic  service  for  tbe  National  Mnseum, 
twelve  thousand  dollars. 

PebsERVATION  of  _  COLLECTIONS  OP  THE  NATIONAL  MuSEUM: 
For  continuing  the  preservation,  exhibition,  and  increase  of  the  oollec- 
tiona  from  tbe  surveying  and  exploring  exiteditiona  of  the  government, 
and  from  other  sources,  including  salaries  or  compensation  of  all  neces- 
sarp  employees,  one  hundred  and  forty  thousand  dollars. 

PUENITURB    AND    FIXTURES    OF    THE    NATIONAL    MUSEDM:    Fof 

cases,  furniture,  fixtures,  nnd  appliances  required  for  tbe  exhibition 
and  safe-keeping  of  the  collections  of  the  National  Maseum,  including 
salaries  or  compensation  of  all  necessary  employees,  twenty-flve  thon- 
saud  dollars. 

Postage  poe  the  National  Museum:  For  postage  stamps  and 
foreign  iwstnl  canis  for  tbe  National  jMusenm,  five  hundred  dollars. 

Printing  por  the  National  Museum:  For  the  Smithsonian  In- 
stitution, for  printing  labels  and  blanks  for  the  use  of  the  National 
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Uiuenin  and  for  tbe  "Bulletius"  aud  annua]  volumes  of  the  "Proceed- 
iDgs"  of  tbe  National  Museum,  ten  tbonsand  dollars. 

ExcHANOSS  op  THE  Geologioal  Subtet  :  For  tbe  purchase  of 
necessary  books  for  thn  library,  and  tbe  payment  for  tbe  trausmiasion 
of  |)ablic  documents  through  tbe  Smithsonian  exchange,  five  thousand 
dollars. 

(Sundry  oiTll  appropriation  act,  approved  August  30, 1890.) 

Miscellaneous:  To  re-imbnrse  tbe  Smithsonian  Institution  for  ex- 
penses incarred  in  the  exchange  of  tbe  publications  of  the  Fish  Com- 
mission for  those  of  foreign  countries,  being  for  the  aervice  of  the  fiscal 
year,  eighteen  hundred  aud  eighty-nine,  two  hundred  and  fifteen  dollars 
and  twfut.v  cents. 

To  enable  tbe  Secretary  of  the  Smithsonian  Institntioa  to  purchase 
from  Frederick  S.  Perkins,  of  Wiscousin,  hia  collection  of  preliistorio 
copper  implements,  seven  thousand  dollars. 

Preservation  of  collections,  N'ational  Masenm ;  To  supply  adeficienoy 
in  the  appropriation  for  preservation  of  collections,  National  Museum, 
for  the  fiscal  year  eighteen  hundred  and  eighty-seven,  eleven  dollars 
auO  forty-five  celits. 

Claims  allowed  by  tU©  First  Comptroller,  Treasury  Department: 

For  internatioual  exchanges  j  Smithsonian  Institution,  one  dollar  and 
five  cents. 

(Deficiency  appropriation  act,  approved  September  30, 1890.) 

APPOINTMENT  UP  BBGENTS  OP  THE  BMtTHSONlAN  INSTITDTION. 

So.  33. — Joint  resolation  to  fill  vacancies  in  tbe  Bo«d  of  Begents  of 
tbe  Snithsouian  Institntion : 

Betolvtd  by  the  8mate  and  Houie  of  Representatives  of  the  United  States, 
(tc.— That  the  vacancies  in  tbe  Board  of  Begents  of  the  Smithsonian 
Ingtitation,  of  the  class  other  than  uemtwrs  of  Congress,  shall  be  filled 
bf  the  appointment  of  Obarles  J>evens,  of  Massachusetts,  in  the  place 
of  Koah  Porter,  of  CoDUPCticnt,  resigned ;  and  by  tbe  reappointment 
of  James  C.  Welling,  of  Washington  City,  whose  term  of  offiou  has  ex- 
pired. 

Approved  Hay  22,  iS90. 
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SECUTA.BTOPTHSBinTHSONIAKlKSTI'niTION,  FOE  THE  TEAE  ENDINQ  JCFNE3C 


To  the  Board  of  UegenU  of  the  Smithsonian  Institution  : 

Gentlemen  :  I  have  tbe  honor  to  submit  herewith  the  report  for  the 
year  ending  J  une  30,  ISM,  of  the  operations  of  the  Smithsonian  lusti- 
tntion,  and  of  tbe  work  placed  by  Congress  under  its  charge  iu  the  Na- 
donaUtfuseum,  the  Bnfeau  of  Ethnology,  the  International  Exchanges, 
sad  tbe  National  Zoological  Park. 

Hie  National  Zoological  Park  has  been  formally  placed  nnder  the 
csroof  the  Board  of  BegentR  during  this  year,*  although  its  establish- 
ment has  been  under  consideration  for  some  time  and  the  preliminary 
steps  connected  therewith  have  been  referred  to  in  previone  reports. 

THE  SMITH80NUN  INSTITaTION. 

THE  ESTABLISHMENT. 

By  the  organiziog  act  of  Congress  of  August  10, 1846,  s€c.  l,f  it  was 
provided  that  "Tbe  President,  and  Vice-President  of  the  United  States, 
the  Secretary  of  State,  the  Secretary  of  the  Treasury,  the  Secretary  of 
War,  the  Secretary  of  the  Navy,  the  Postmaster-General,  the  Attorney- 
General,  the  Chief  Justice,  and  the  Commissioner  of  the  Patent  Office 
of  the  United  States,  and  the  Mayor  of  the  city  of  Washington,  during 
the  time  for  which  tfaey  shall  hold  their  respective  offices,  and  snch  other 
peisons  as  they  may  elect  honorary  members,  be,  and  they  are  hereby 
constituted  an  'establishment' by  the  name  of  the 'Smithsouian  lusti- 
tntion,'"  etc  In  the  BeVised  Statutes  "the  Governor  of  the  District 
»f  Columbia"  was  substituted  for  the  Mayor  of  the  city  of  Wauhiug- 
t«Q,the  latter  office  haviug  become  extinct. 

Two  members  haviug  been  added  to  the  cabinet  of  the  President 
since  the  passage  of  the  act,  namely,  the  Secretary  of  the  Interior,  and 
mnre  recently  the  Secretary  of  Agriculture,  there  appears  no  good  rea- 
■DQ  why  these  should  not  be  included  in  the  list  of  officers  of  the  estab- 
lishment.  This  would  obviously  be  consonant  with  the  original  iuten- 
tw&  of  the  framers  of  the  act,  thougli  excluded  by  the  phraseology 
ictnally  employed.  It  may  be  worthy  of  consideration  of  the  Board  of 
Regents  whether  it  would  not  be  for  the  interests  of  the  Institution  to 
**  of  Congress  a  re-construction  of  the  section  relerred  to,  whereby 

"Act  of  CongTuts  approved  April  30,  1890. 

tTitla  Izxlii,  mc.  5I>T9,  of  tbe  Reviaed  SUtntea.  ^-1  ■ 

CiOOglc 
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the  PtMldeut,  Yice-PresideDt,  Secretaries  of  the  Deveral  BxecatiTe 
Departments,  and  the  Chief  Jostice  of  the  Uoited  States  shall  ooniti- 
tate  the  Establishment. 

THE  BOARD  OP  BEaENTB. 

The  stated  annual  meeting  of  the  Board  was  held  on  January  8, 1890, 
at  which  the  resignation  of  Dr.  Noah  Porter,  presented  on  accoonl  of 
failing  health,  was  accepted  in  the  following  resolncion : 

Betolved,  That  the  Board  having  received  the  resignatioo  of  Dr.  Noati 
Porter  as  a  Regent  accept  it  with  an  expression  of  their  regret,  ud 
with  assurances  of  their  high  personal  esteem. 

At  the  same  meeting,  the  appointment  by  the  honorable  the  Spe«b« 
of  the  House  of  Representatives  on  January  6, 1890,  of  the  following 
members  of  theHooaeaa  Begents  was  announced :  the  Hon.  Beiriamiii 
Bntterworth,  of  Ohio,  the  Hon.  Henry  Cabot  Lodge,  of  MassacbnselU, 
the  Hon.  Joseph  Wbeeler,  of  Alabama. 

The  death  of  the  Hon.  Samnel  S.  Cox,  for  many  years  a  BegeDt  of 
the  Institution,  and  its  earnest  Meud  and  supporter,  was  referred  lo  in 
my  last  annual  report  By  a  resolution  of  the  Board  of  Regents  a  oom- 
mittee  was  appointed,  of  which  the  Secretary  was  made  chairman,  to 
prepare  suitable  resotutiona  on  bis  services  and  character,  and  these 
formal  resolations,  with  a  brief  biographical  sketch,  are  given  in  full  in 
the  "necrology"  appended. 

The  institution  is  indebted  to  Mrs.  Cox  for  a  portrait  of  her  busbuxl, 
to  be  placed  with  the  collection  of  portraits  of  past  Regents. 

By  joint  resolution  of  Congress,  approved  by  the  President  Hay  23, 
1890,  Dr.  James  0.  Welling,  whose  term  as  a  Regent  had  expired,  ms 
re-elected ;  and  by  the  same  resolution  Judge  Charles  Devens,  of  Ma«- 
sachusetts,  was  appointed  a  member  of  the  Board  to  succeed  Dr.  Port«r. 

I  regret  to  say  that  Judge  Devens  has  written  to  me  to  state  (lia( 
there  is  a  provision  in  the  constitution  of  Massachusetts  in  reference  w 
judges  of  its  supreme  court,  which  it  has  been  suggested  would  prevent 
any  one  of  them  from  holding  anch  a  position,  .No  action  had  been  tateD 
in  the  matter  at  the  time  of  this  report. 

prNANCES. 

The  permanent  funds  of  the  institution  remain  as  at  the  time  of  tnj 
last  report,  namely : 

Beqneat  of  Smithson,  1846 I515.169.W 

Beaiaaary  legacy  of  Smitbsoo,  1867 96,310.63 

DepOBiMfiromsaviDgHof  iDCome,  etc.,  1867 108,690.17 

Beqaut  of  Jftmea  Hamilton,  1074 1,000.00 

Beqneitof8imeonHabel,  1880 500.00 

Deposit  from  proceeds  of  sale  of  bonds,  1881 51,500-OD 

Total  pennanent  SmithsoDiao  fnnd  in  the  Treasory  of  tbe  United 
State*,  bearing  interest  at  6  per  cent,  per  annum 703,OOaOO 
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It  seems  to  me  desirable  id  this  connectioo  to  direct  attention  to  the 
esceptioD^I  advantages  offered  in  the  orfranizatiou  of  the  Smithsouian 
laatitDtioa  for  the  admiaistration  of  funds  intended  for  tbe  advance- 
ment of  science  and  the  increase  of  knowledge  thronghont  the  world. 
The  governing  board  of  the  Institution  is  composed  of  the  highest  offi- 
cers of  the  United  States  Oovernment,  associated  with  some  of  the  most 
disCingaished  men  of  learning  in  the  country.  Tbe  United  States  Gov- 
eniment  iB  itself  pledged  to  tbe  security  of  tbe  funds  of  the  Institution, 
goaranteeing  an  interest  of  six  per  cent,  annoally. 

It  is  safe  to  say  that  no  institution  of  learning  is  better  known 
tbroughont  the  world,  and  I  am  impressed  with  the  belief  that  were  it 
also  more  widely  known  that  the  United  States,  in  accepting  the  gift  of 
Smithson,  has  signided  a  willtiiguess  to  become  tbecnstodian  of  fnrther 
beqneats  tor  the  increase  and  difTasion  of  knowledge,  its  permanent 
endowment  woald  be  constantly  increased. 

The  principal  facta  in  relation  to  Smithson's  beqnest  have  been  stated 
in  brief  in  my  previous  reports  and  elsewhere  at  considerable  length, 
aod  need  not  be  repeated  here. 

At  the  beginning  of  the  fiscal  year  the  balance  on  hand  of  the  in- 
come was  ^11,757.47.  Interest  ou  the  invested  fnnd,  amounting  to 
142,180,  bas  been  received  from  the  Treasurer  of  tbe  United  States, 
|j,000  have  been  received  from,  tbe  estate  of  the  late  Dr.  Jerome  H. 
Kidder,  and  a  like  amonnt  I'rom  Dr.  Alexander  Graham  Bell  for  tbe 
prosecutioD  of  special  researches  in  physics,  to  which  allusion  is  else- 
irhere  made,  and  $3,905.51  have  been  received  from  miscellaneous 
soarces,  making  tbe  total  receipts  (67,813.98. 

The  total  expenditures  have  beeu  $37,650.33,  leaving  an  anexpended 
balance  on  June  30, 1890,  of  930,193.65,  or,  deducting  the  donations  for 
special  researches  noted  above,  amounting  to  $10,000,  tbe  balance 
available  for  general  expenses  on  July  1,  18!I0,  was  $30,193.65.  This 
sam,  which  is  somewhat  larger  than  usual,  is  in  part  held  against  cer- 
tain anticipated  grants  ia  aid  of  scientific  investigation  and  the  coat  of 
their  publication  by  the  Institution. 

The  lostitation  has  been  charged  by  Congress  with  the  disbursement 
doring  the  year  of  the  following  special  appropriations : 

Tor  intomational  eschaogeB (15,000 

For  (tbDological   reHeftrcfaes 40,000 

Fm  Kktional  Museam : 

PrcMrratio  a  of  collections 140,000 

Famitnre  and  RxtnrM 30,000 

HtAting  »ad  lighting 12,000 

PMt«g« 1,000 

Printing 10.000 

fw  National  Zoological  Park 92,000 

The  vouchers  for  tbe  disbursement  of  these  appropriations,  with  tbe 
uception  of  those  for  "ethnological  researches,"  have  been  examined 
b;  the  Executive  Committee,  and  tbe  various  items  of  expenditure,  in- 
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clndiog  those  of  the  Bureau  of  EthDOlogy,  are  set  forth  io  a  letter  id- 
dressed  to  the  Speaker  of  the  House  of  Kepreaentatives  in  nccordaaee 
vith  a  proviaioD  of  tbe  soDtlry  civil  act  of  October  2, 1888,  while  the 
expenditures  from  the  SmithsoniaHfaod,  having  likewise  been  examine 
and  approved  by  the  executive  committee,  are  given  in  their  re[)orL 

The  estimates  for  the  fiscal  year  ending  June  30,  1891,  forwarded  to 
the  Secretary  of  the  Treasury  ander  date  of  October  1,  lii89,  were  is 
follows : 

Inlernational  exchuiges ^.SOO.OO 

North  Americaa  etliDology 50,000:411 

Natiunal  Hueenni : 

FreaervBtion  of  collectiooa 175,000.0) 

He*ting  and  lighting 15,000,00 

FDrnitOM  ODd  fiztores 30,000.00 

Living  animalB.  ia  connection  with  zoological  dcpartuieut 50,000.00 

Printing  and  binding 18,500. » 

PoaUge 6i».M 

BtJILDINGS. 

I  regret  that  I  am  nuable  to  report  any  immediate  prospect  of  relief 
from  the  over-crowded  condition  of  the  Museam  building.  TbeBfr 
gents  nearly  eight  years  ago,  (at  tbeir  meeting  of  January  17, 1SS3,) 
recommended  to  Congress  the  erection  of  a  new  Museum  building,  aod 
the  previous  steps  takeu  iu  pursuance  of  their  instruction  have  already 
been  laid  before  the  Board.  Since  1883,  the  collections  of  the  Maseom 
have  enormously  increased,  so  that  before  a  new  buildiae  can  now  be 
completed,  the  material  pressing  for  display  or  even  for  storage,  will 
demand  a  considerable  part  of  a  building  as  large  as  tbe  present  onr. 

Sketcb-ptaos  for  a  building  that  would  meet  tbe  wants  of  tbe  MnseaiD 
for  the  immediate  futuire  were  laid  before  tbe  Board  at  their  meetingiii 
January,  1890.  These  plans  contemplated  a  building  of  two  stones  and 
a  basement,  it  being  indispensable  to  faave  rooms  for  tbe  preparation  ao'l 
study  of  material  apart  from  the  rooms  used  purely  for  tbe  purpoeesof 
exhibition. 

A  bill  appropriating  $500,000  for  a  building  was  reported  by  Sen- 
ator Morrill  on  February  19,  1890,  from  the  Senate  Committee  on 
Public  Buildings  and  Grouuds,  and  passed  the  Senate  ou  the  5tb  of 
April,  1890.  It  was  referred  in  tbe  House  to  its  Committee  on  Fahlie 
Buildings  and  Grounds,  from  which  it  has  not  as  yet  been  reported. 
Tbe  following  letter  in  relation  to  tbe  subject  transmitted  to  the  Hod. 
Leiand  Stanford,  chairman  of  the  Senate  Committee  on  Public  Baild- 
ings  and  Grounds,  sets  forth  at  some  length  the  urgent  need  for  far- 
ther accommodation: 
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|3«iiMe  Ub.  Doe.  So.  11\  r\ttj.6nl  CangTeu,  Bnt  ■eadou.] 


Smithsonian  Institution, 
United  States  National  Museum, 

Waihington,  January  21, 1890. 
Sib  :  I  send  yon  herewith  a  set  of  sketch-plans  intended  to  show,  in 
ageueral  way,  the  extent  and  character  of  a  bnilding  snch  as  would 
seem  to  be  necessary  for  the  accommodation  of  the  Museum  collections 
m  the  present  and  immediate  future,  and  respectfully  request  for  them 
yonr  attention,  aud  a  recommeudation  to  Congress  of  the  necessary 
mrans  for  such  a  building. 

These  piaos  and  sketches  are  provisional,  but  although  not  presented 
iQ  detail,  they  represent  the  results  of  studies,  extending  over  many 
years,  of  the  plans  of  the  best  modem  museum  buildings  iu  Europe  and 
America,  nearly  all  of  which  bare  been  inspected  by  officers  of  the 
Smitbsouiao  Institution. 

Tbe  proposed  building  covers  the  same  area  as  that  finished  iu  1881. 
Itis  inteuded  to  consist  of  two  stories  and  a  basement,  except  in  tbe 
central  portion,  which  consistsof  one  lofty  hall  open  from  tbe  main  floor 
to  the  roof,  tbe  height  of  which  will  be  90  feet,  galleries  being  placed 
on  the  level  of  the  secoud  floor  in  other  parts  of  the  building.  Its  inte- 
rior arrangements  are,as  you  will  see,  diSerentfrom  those  iuthe actual 
Mnseain,  alt  the  changes  having  been  planned  iu  the  light  of  tbe  expe- 
rience  of  nine  years'  occupation  of  tbe  present  buildiug.  It  will  afford 
betweeu  two  aud  three  times  as  much  available  space  for  exhibition 
and  storage  under  tlie  same  area  of  roof.  The  fifteen  exhibition  halls 
are  completely  isolated  from  each  other,  and  may  readily  besobdivided, 
wheu  necessary,  into  smaller  rooms.  The  lighting  will  be  as  good  as 
iu  the  old  building,  and  the  ventilation  perhaps  still  better.  The  saui- 
tary  arrangements  have  been  carefully  considered. 

The  necessity  for  a  basement  is  es|iecia11y  great.  In  this,  place  has 
been  provided  for  many  storage  rooms  aud  workshops.  The  existence 
ofabasemeut  will  promote  the  comfort  and  health  of  visitors  and  em- 
ployes, and  by  increasing  the  dryness  of  the  air  in  tbe  exhibition  halls, 
will  secure  the  better  preservation  of  the  collections.  These  proposed 
changes  in  the  internal  arrangements  will  nut  interfere  with  conformity 
with  the  olher  imints  of  the  present  Museum  building  iu  the  «'ssential 
features  of  exterior  proportion.  The  total  capacity  of  this  present 
balldiag  in  available  Hoor  space  is  about  100,000  squiire  feet;  tltat  of 
tbe  new  building  somewhat  exceeds  200,000.  Tbe  present  Museum 
building  contains  about  80,000  feet  of  floor  space  available  for  exhibi- 
tion. That  proposed  will  contain  about  103,300  square  feet  for  exhibi- 
tion. Tbe  spacij  devoted  to  offices  and  laboratories  would  not  be  much 
more,  but  the  area  available  for  exhibition  halls,  storage  rooms,  and 
vorkshopa  far  greater.  The  appropriation  for  tlie  construction  of  the 
present  bnilding  was  9250,000.  This  sum  was  supplpmented  by  several 
special  appropriations:  t25,000  for  steam  heating  apparatus;  $26,000 
lor  marble  floors;  $12,500  for  water  and  gas  fixtures  and  electrical 
apparatus,  aud  tl,iMH)  for  special  sewer  connections,  so  that  the  total 
cost  waH$.(l5,400.  The  structure  was  probably  completed  for  asmaller 
Ham  of  money  than  any  other  similar  one  of  equal  capacity  in  the  world, 
St  an  expense  ralative  to  capacity  which  the  present  prices  of  material 
"lake  it  certain  cau  not  be  repeated. 
Tbe  estimates  of  cost  on  this  building  vary  greatly  with  xegard  to 
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details  of  construction  on  wfalcfa  f  do  not  here  ent«r,  farther  Uibd  to 
sa;  that  the  whole  should  be  absolutely  fire-pnwf  thronghoat,  and  in 
view  of  the  farther  great  variation  of  the  cost  of  buildiug  niateri&lE 
within  the  past  tvo  years,  1  sdi  not  prepared  to  state  the  sum  vhicli 
would  be  necessary  for  its  completion.  It  is  certain,  however,  tUu 
$500,000,  if  not  sufficient  to  omplete  it,  would  be  all  that  woqM  be 
required  to  be  expended  during  the  present  year,  and  I  would  re8i)ect- 
fully  represent  the  desirability  of  an  appropnatfon  of  this  amount  for  tlje 
purpose  in  question. 

Your  attention  is  directed  to  certain  facts  in  regard  to  the  character 
of  the  materials  for  the  accommodation  of  which  this  building  is  desired. 
Tbe  collections  of  the  Smithsonian  Institution  and  of  the  GoverDmeiit 
are  especially  rich  in  collections  of  natural  history,  which  may  be 
gi-ouped  in  three  general  classes :  Tbe  zoological  collections ;  the  botan- 
ical collections,  and  the  geological  collections,  including  not  only  all 
the  geological  and  mineralogical  material,  but  the  greater  portion  of 
that  belonging  to  paleontology,  the  study  of  foBsil  animals  and  plantt 
forming  an  essential  part  of  modern  geological  work. 

Besides  the  natural  history  collections,  there  are  equally  importut 
anthropological  collections  which  illustrate  the  history  of  mankind  tt, 
all  periods  and  in  every  land,  and  which  serve  to  explain  the  develop- 
ment of  all  human  arts  and  industries.  In  everything  that  relates  to 
tbe  primitive  inhabitants  of  North  America,  Eskimo  as  well  as  Indiim, 
these  collections  are  by  far  the  richest  in  the  world,  and  with  the  nec- 
essary amount  of  exhibition  space,  tbe  material  on  hand  will  be  arranged 
in  a  manner  which  will  produce  tbe  most  impressive  and  magnificent 
effect,  the  educational  importance  of  which  can  not  be  over-estimated. 
Again,  there  are  collections  of  considerable  extent  which  illustrate  the 
processes  and  products  of  the  various  arts  and  industries,  as  well  as 
what  are  termed  the  historical  collections,  which  are  of  esfieciat  interest 
to  a  very  large  number  of  tbe  visitors  of  the  Museum  on  account  of  tlie 
associations  of  the  objects  exhibited  with  the  personal  history  of  repie- 
seutative  men,  or  with  important  events  in  the  history  of  America. 

The  collections  illustrating  the  arts  and  the  art  industries  are  rda- 
ttvely  small,  and  although  in  themselvesof  great  interest  and  value,  Dot 
to  be  compared  in  importance  with  those  in  natural  history  and  elb- 
nology. 

In  a  letter  addressed  on  June  7, 18S8,  to  tbe  Hon.  Justin  8.  Morrill, 
and  which  will  be  found  in  a  report  of  June  13  of  the  same  year  from 
the  Senate  Committee  on  Public  Buildings  and  Grounds,  I  made  a  state- 
ment of  the  rapidity  of  the  recent  growth  of  the  Museum,  mentloniog 
that  in  the  five  years  from  1882  tx>  1887  the  number  of  specimens  in  the 
collection  had  multiplied  no  less  than  sixteen  time^,  and  endeavored  to 
give  an  idea,  though,  perhaps,  an  inadequate  one,  of  the  exteut  to  which 
the  pressure  for  want  of  space  was  felt.  The  evil  has  grown  rapidly 
worse,  and  as  I  have  had  occasion  to  mention,  it  has  been  felt  in  theUat 
year  in  a  partial  arrest  of  the  growth  of  the  collections,  whicb  empha- 
sizes tbe  demand  for  more  room.  The  present  Museum  building  is  not 
laige  enough  even  for  the  natural  history  collections  alone,  a  number  of 
which  are  without  any  exhibition  space  whatever.  The  proposed  bnild- 
iug  will  afford  accommodations  for  the  ethnological  and  technological 
material  already  on  hand,  and  for  a  large  part  of  the  natural  bister? 
material  also. 

The  collections  are  still  increasing,  and  the  nnmber  of  specimens,  aa 
estimated,  is  now  not  far  from  3,000,000.  The  appended  table  (A)  shove 
the  annual  increase  since  1882.    The  increase  during  the  last  year  was 
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eompar&tJTelj  flmall.  This  ma;  be  accoonted  for  by  the  fact  that  oar 
ezhibitioD  halls  and  at«rage  rooms  beiog  filled  to  t&eir  utmost  capacity, 
it  has  seemed  oecessary  to  cease  ib  a  large  degree  the  cDBtomary  efi'orta 
for  the  iiicrease  of  the  Uusenm. 

Unless  more  space  is  soon  provided,  the  development  of  tbe  Govern- 
meat  collections  will  of  necessity  be  almost  completely  arrested. 

So  long  as  there  was  room  for  storage,  collections  not  immediately  re- 
qoired  could  be  received  and  packed  away  for  fntare  ase.  This  can  not 
loDger  be  done. 

Tbe  Armory  Building,  since  1877  Hssigned  to  tbe  Maseam  for  storage 
and  workshops,  is  now  entirely  occnpietl  by  tbe  U.  S.  Fish  Commission, 
with  the  exception  of  foar  rooms,  and  by  some  of  tbe  Museum  tax- 
idermistSj  who  are  now  working  in  very  contracted  space,  and  wbom  it 
in  impossible  to  accommodate  elsewhere. 

Increased  space  in  the  exhibition  balls  is  needed,  the  edaoational 
valae  of  tbe  collections  being  seriously  diminished  by  tbe  present 
crowded  system  of  instHllation.  Still  more  necessary,  however,  ie  room 
for  storage,  for  rearranging  tbe  great  reserve  collections,  for  eliminating 
duplicate  material  for  distribution  to  college  aud  school  museums,  and 
for  the  use  of  the  taxidermists  and  preparatora  engaged  in  preparing 
objects  for  exhibition.  Space  is  also  required  for  the  proper  handling 
of  the  costly  ontflt  of  tbe  Maseum  cases  aud  appliances  for  installation, 
of  which  there  is  always  a  considerable  amount  temporarily  oat  of  use 
or  in  process  of  construction. 

The  appended  table  (B)  shows  tbe  amonnt  of  floor  space  now  assigned 
to  tbe  various  collections  and  the  amount  required  for  tbe  proper  dis- 
play of  maierial  already  in  band,  making  a  reasonable  allowance  for 
tbe  expansion  dnring  tbe  three  years  wbicb  would  probably  pass  before 
anew  building  conld  be  completed  and  provided  with  necessary  cases. 

The  appended  table  (G)  shows  the  number  of  feet  of  fioor  s|>ace  (tlie 
average  height  being  10  feet)  required  for  laboratories,  workshops, 
and  for  the  several  departments.  This  is  in  addition  to  storage  space 
under  the  cases  in  the  exhibition  balls,  and  a  considerable  portion  may 
be  iu  cellars  and  attics. 

In  sammarizing  what  has  just  been  said,  it  may  be  stated  in  general 
terms  that  the  amonnt  of  space  already  required  fur  exhibition  pur- 
poses alone,  being  (table  B)  21)7,500  feet  as  agaiust  100,G75  now  occupied, 
aod  this  being  exclusive  of  the  (table  C)  108,900  square  feet  needed  for 
other  objects,  tbe  accumulations  have  now  reached  such  a  point  of  con- 
eeetion  that  the  actual  space  needs  to  be  doubled,  even  independently 
of  fatnre  increase;  and  I  beg  to  repeat  that,  nnless  more  space  is  pro- 
vided, the  development  of  tbe  Government  collection,  whicli  is  already 
partly  arrested,  will  be  almost  completely  stopped. 
Yonr  obedient  servant. 

8.  P.  Langley, 

Secretary, 
Hon.  Lelamd  Stasfobd, 

Ohairman  Committee  on  Public  Buildinga  and  Ortmnda, 

United  States  Senate. 
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of  sach  a  basemeot  enitable  for  workebops  and  storage  woald  be  »  cel- 
lar rnniiiDg  aroaud  the  outer  walls  of  tbe  buildiDg  sod  exteadiDg  in- 
wards HO  feet,  80  that  tbe  rooms  thus  obtained  might  have  light  sad 
air.  Provision  was  also  made  to  floor  with  tilea  all  tbe  rooms  Doder 
which  these  basements  come.  The  total  expense  it  is  thought  would 
be  $57,675,  but  by  reason  of  the  peculiar  coustmction  of  the  present 
buildiDg  the  Archirect  has  expressed  tbe  opinion  that  tbe  work  esti- 
mated for  would  be  one  of  unusual  difficulty,  and  that  a  site  forastort 
house  and  workshops  requiretl  might  be  purchased  in  tbe  neighborhood 
of  the  Museum  and  a  Are-proof  building  erected  thereon  for  a  less  sum. 

The  improvement  of  the  Smithsonian  baildiog  proper  has  been  Uie 
subject  of  careful  consideration,  more  especially  the  flre-prooflogoftbe 
west  wing,  tbe  urgent  need  of  which  has  already  been  brought  to  the 
attention  of  the  Regents.  A  bill  was  introduced  in  the  Senate  on  Jan- 
uary 15, 1890,  by  Senator  Morrill,  providing  for  an  appropriation  of 
$45,000  for  fire-prooflng  the  roof  of  tbe  main  hall  and  that  of  the  to- 
called  chapel  in  the  west  wing  of  the  Smithsonian  building,  patting  in 
a  sky -light  and  well  hole  for  lighting  tbe  east  wing,  and  making  certsin 
changes  which  would  add  greatly  to  the  space  available  for  office  rooms 
in  that  part  of  the  building,  as  well  as  adding  to  the  facility  with  vhicb 
the  large  amount  of  exchange  publications  could  be  bandied.  Thii 
work  was  to  be  done  under  the  direction  of  tbe  Architect  of  tbeCapiioI 
with  tbe  approval  of  tbe  Eegents.  The  bill  passed  tbe  Senate  on  Veb- 
ruary  10,  1890,  and  was  favorably  reported  on  in  tbe  House  Hardi  3, 
1890.    The  matter  rested  here  at  the  close  of  the  year. 

The  temporary  wooden  building  for  the  protection  of  instruments  for 
astro-physical  investigation,  which  was  referred  to  as  contemplated  in 
my  last  report,  was  begun  on  :Xoveniber  30, 1889,  and  was  completed 
about  (he  1st  of  March,  1890,  This  building  is  of  the  most  iDexpeoeiTC 
character,  and  is  simply  intended  to  protect  the  instruments  tempora- 
rily, though  it  is  also  arranged  so  that  certain  preliminary  work  cao  bt 
done  here.  Its  position  however  immediately  south  of  the  main  Smitb- 
sooian  building,  is  not  well  suited  to  refined  physical  investigations  on 
account  of  its  proximity  to  city  streets  and  its  lack  of  seclusion.  Tbe 
needs  of  this  department  are  referred  to  more  at  length  under  the  fol- 
lowing head  of  research. 

BESEABOH. 

I  take  pleasure  in  reporting  that  the  InstitatJou  has  been  able  to  do 
rather  more  for  tbe  encouragement  of  original  research  than  it  has 
done  for  several  ye<irs  past. 

Referring  lo  my  two  previous  reports  in  regard  to  the  project  of 
Professor  Baird  for  securing  an  astro-pbysicRl  observatory  and  labota- 
tory,  I  am  able  to  say  that  this  object  has  assumed  definite  shape  in 
the  construction  of  the  temporary  shed,  which  has  just  been  mentioned. 
In  this  shed  there  have  been  bnitt,  as  the  most  expensive  part  of  the 
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ttroctare,  a  oanilteT  of  brick  piers  required  for  tbe  flrta  support  of  the 
delicate  apparatuB  employed. 

Id  coDuectioQ  with  ttie  construotioo  of  this  building,  I  desire  to  ex- 
press mj  thanks  to  Gol.  O.  H.  Ernst,  U.  8.  Army,  in  charge  of  public 
boildiogB  and  grounds,  for  the  supervision  rendered  by  his  office  of  the 
vork  ofescavatiDg,  etc.,  for  tbe  necessary  sewer  and  water  connections. 
The  principal  instrument  consists  of  a  siderostat  constructed  by  Sir 
Howard  Grabb,  of  Dublin,  Ireland,  for  the  Smithsonian  Institution,  to 
meet  my  special  reqniremente.  This  arrived  in  March,  1890,  and  has  been 
moQDted  and  pat  approximately  into  position  for  nse.  Another  impor- 
tant and  novel  ioatnitnent,  a  spectro-bolometer,  was  made  under  my 
directions  to  meet  new  and  nnusual  demands,  and  has  also  been  received 
and  pnt  in  place.  A  third  piece  of  apparatas,  a  special  galvanometer, 
■Iso  designed  for  tbe  particular  class  of  work  in  view,  has  been  received ; 
lud  the  only  considerable  instrument  now  reqniredtocomplete  theont- 
fit  is  a  resistance  bos,  which  has  been  ordered  and  is  expected  fi<om 
London  before  the  end  of  the  calendar  year. 

Tbe  siderostat  is  probably  tbe  largest  and  most  powerful  instrument 
of  its  kind  ever  constructed.  Tbe  spectro-bolometer  is  the  largest  in- 
urnment of  its  kind,  and  with  this  improved  apparatus  it  is  hoped  that 
iDurestiDg  investigations  begun  several  years  ago,  will  be  coutiuued. 

Supplementary  to  these  principal  instrnments  is  the  Thaw  collec- 
tion of  physical  apparatus  loaned  by  the  executors  of  the  lata  Will- 
iam Thaw,  of  Pittsbargh,  and  there  are  a  few  pieces  of  apparatus,  the 
iwrwnal  property  of  the  Secretary,  so  that  at  the  close  of  the  year  it 
might  be  said  that  the  Institution  was  in  possession  of  the  nncleos  of 
a  modpm  astropbysical  laboratory.  With  this  apparatus  temporarily 
moonted,  researches  have  already  begno,  and  one  of  a  scientific  aud 
economic  character  upon  "  The  Cheapest  Form  of  Light "  has  been  tbe 
■object  of  a  communication  to  the  National  Academy  of  Sciences.  This 
work  is  mentioned  as  indicating  my  intention  to  give  greater  place  to 
one  of  tbe  chief  objects  of  the  Institntion,  the  direct  addition  to  knowl- 
edge by  original  research, — which,  at  least  as  regards  tbe  physical 
ttiences,  has  received  comparatively  little  attention  since  tbe  time  of 
ProCewor  Henry. 

the  prospects  of  renewed  contributions  to  physical  science  by  the 
Institution  in  the  field  of  original  research  are  happily  now  better  than 
^nany  years  past.  The  late  Dr.  Jerome  H.  Kidder,  formerly  an  offl- 
ttiofthe  TJ.  S.  Navy,  and  later  attached  to  the  U.  S.  Fish  Commission 
ni  to  the  Smithsonian  Institution,  had  bequeathed  to  the  lustitntion, 
^  a  viU  made  several  years  ago,  the  sum  of  $10,000  to  be  employed  for 
biological  researches.  Dr.  Kidder,  having  become  especially  interested 
in  the  proposed  astro-physical  observatory,  had  the  intention  of  trans- 
^"finB  this  bequest,  or  at  least  a  portion  of  it,  to  such  an  end,  and  he 
nen  ordered  that  a  codicil  giving  (5,000  to  tbe  Institution  for  an  astro- 
Pbjrical  observatory  should  be  added  to  his  will,  bat  be  was  stiiokeD 
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vith  BO  sadden  an  illness  t&at  he  was  nnable  to  eiga  it.  la  view  of 
theae  circomstances  aod  after  carefnl  deliberation  npon  tbe  matter,  tke 
Begents  decided  to  accept  as  flually  and  decisively  indicative  of  tlw 
wishes  of  tbe  testator  tbe  provisions  of  this  codicil  beqneatfaing  td,OM 
for  tbe  purpose  of  an  astro-physical  observatoiy,  and  this  sam  «H 
therefore  paid  by  Dr.  Kidder's  ezecator  to  tbe  laetitntion. 

A  fhrther  snm  of  $5,000  was  likewise  generonsly  presented  by  Dr. 
Alexander  Graham  Bell  to  tbe  writer  iodividDally  for  tbe  proeecatioB 
of  tbe  researches  in  astro-physics,  to  wbicb  he  has  devoted  much  of  bis 
life,  but  it  baa  seemed  proper  to  him,  under  the  oircnmstances,  tbatthii 
snoi  should  be  placed  to  the  credit  of  the  Smithsonian  Institution  npm 
the  same  footing  as  tbe  Kidder  bequest,  and  with  the  consent  of  tke 
donor  it  has  been  so  transferred.  I  am  therefore  deairons  of  hereei- 
pressing  my  own  personal  as  well  as  my  official  obligation  to  Dr.  B«ll 
for  this  gift  for  the  increase  of  knowledge. 

Tbe  initial  step  for  the  establishment  of  an  astro-physical  obsem- 
tory  under  the  National  GovernmeDt  thus  having  been  taken  by  private 
individnals,  it  is  hoped  that  Congress  will  see  fit  to  place  il  npon  a  firm 
footing  and  to  make  a  small  annual  provision  for  its  maintenaDoe.  And 
it  seems  proper  to  mention  that  the  field  of  research  to  which  snch  ■ 
department  of  the  Institution  would  be  devoted  has  been  oonaideretl  of 
sufficient  importance  by  the  legislators  of  leading  foreign  nations  to 
justify  tbe  erection  of  costly  special  observatories  and  to  provide  for 
their  maintenance  with  a  staff  of  astronomers  and  physicists  of  wide 
reputation. 

The  class  of  work  here  specially  referred  to  does  not  ordinarily  in- 
volve the  use  of  the  telescope,  and  is  quite  distinct  from  that  carried 
on  at  any  observatory  in  this  country.  It  would  in  no  way  conflict  with 
the  work  of  the  present  U.  8.  Naval  Observatory,  being  in  a  field  <tf 
work  that  the  latter  has  never  entered. 

Briefiy  stated,  tbe  work  for  which  tbe  older  Government  obaerra- 
tories  at  Greenwich,  Paris,  Berlin,  and  Washington  were  founded,  and 
in  which  they  are  for  the  most  part  now  engaged,  is  the  determinatioD 
of  relative  positions  of  heavenly  bodies  and  of  our  own  place  with  nf- 
erence  to  them.  Within  the  past  twenty  years,  all  these  GovemmeoU 
bat  onr  own  have  established  astro- physical  observatories,  as  they  an 
called,  that  are  engaged  in  the  study  of  the  constitution  of  tbe  heav- 
enly bodies  as  diatiognished  from  their  poaitions ;  iu  determining,  for 
example,  not  so  much  the  position  of  the  sun  in  the  sky  as  the  rela-  | 
tioQ  that  it  bcarstothe earth  and  to oorown  daily  wantA}  how  it  effects 
terrestrial  climate;  and  bow  it  may  best  bo  studied  for  the  parposes 
of  the  meteorologist,  and  so  on ;  and  it  is  an  observatory  of  the  latter 
kind  that  the  donors  just  mentioned  appear  to  have  bad  promineotl; 
in  view,  and  which  it  ia  proposed  to  conduct  (though  on  an  extremely  | 
modest  scale)  nuder  tbe  auspices  of  the  Institution.  I 

In  connection  with  this  renewed  revival  in  the  l^le  of  physical  re- 
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Hveh,  I  may  state  t-bat  steps  bare  beeu  taken  to  give  efliect  to  certain 
moliidons  expressed  at  a  meeting  of  the  American  ABSociadoa  for  the 
AdvaacemeDt  of  Science  several  years  ago,  in  regard  to  the  establish- 
nent  of  standard  screw  threads  and  standard  diameters  of  tubing  for 
astronomical  and  physical  apparatus.  The  introdnction  of  such  stand- 
uds  in  meehaDical  work  of  all  kinds  has  proved  itself  of  snoh  great 
valae  that  ita  usefulness  need  oot  be  dwelt  npon.  As  a  preliminary 
Rtep  looking  to  the  establishment  of  this  desired  uniformity  on  the  part 
of  acientiflc  men,  a  conference  has  been  had  with  the  SuperlDtendent  of 
the  Coast  Survey,  and  it  is  proposed  to  invite  the  co  operation  of  other 
Government  boreaus,  and  to  give  effect  to  their  cODclusions  by  orderiug 
and  establishing,  on  behalf  of  tbe  Institution,  recognized  standards  for 
the  use  of  scieatifio  iDStmment  makers  in  all  parts  of  the  world. 

I  have  here  referred  to  researches  in  physical  science  aloue,  the  work 
of  the  Institution  and  of  indi\idnal  members  of  its  staff  and  others  in 
natoral  history  being  given  at  some  length  nnder  the  head  of  the  Uu- 
seaiQ. 

EXPLORATIONS. 

The  work  of  exploration  by  tbe  Institution  has  been  carried  on  through 
the  Bureau  of  Ethnology  and  tbe  National  Museum,  and  to  the  Reports 
of  these  departments  reference  should  be  made  for  details. 

Id  my  report  for  last  year,  mention  was  made  of  a  trip  to  Africa  by 
Ui.Talcott  Williams,  aud  of  the  inturesting  results  that  had  been  se- 
cured by  him.  A  valuable  collection  of  specimens  that  be  obtained  is 
itill  QDpacked  and  a  complete  descriptiou  of  them  can  not  be  given 
nDtil  they  have  been  thoroughly  examined. 

He  was  fortunate  enough  to  secure  five  sheets  of  an  extremely  rare  Ber- 
ber manuscript,  made  probably  in  tbe  thirteenth  century ;  a  botanical 
collection  of  about  three  hundred  plants,  of  which  all  except  four  or  five 
uephenagamousfossils  from  a  hitherto  unexplored  region;  avaliiahle 
collection  of  ethnographic  material  from  Morocco;  villager  costumes 
of  men  and  women,  representing  both  tbe  Berber  and  mountniu  vil- 
lages, and  a  collection  of  pottery  made  with  the  special  design  of  in- 
cladiog  all  the  wares  in  ordinary  use  between  Tetuan  and  Fez.  Arti- 
cles illustrating  light,  fire,  and  the  industry  of  comb-making  and  nnm* 
eroDs  household  utensils  were  also  secured. 

It  may  safely  be  asserted  that  this  collection,  taken  as  a  whole,  is  one 
of  tbe  most  interesting  of  the  kind  that  tbe  Museum  has  ever  received, 
>nd  the  thanks  of  the  Smithsonian  Institution  are  due  Mr.  Williams  for 
Uk  manner  in  which  be  has  accomplished  his  mission. 

Ur.  W.  W.  Bockbill,  whose  explorations  in  Thibet  were  also  referred 
to  in  my  last  report,  has  spent  a  large  part  of  tbe  year  in  Washiugtou, 
^Saged  in  preparing  an  account  of  bis  remarkable  travels,  and  he  has 
'^Ucd  to  the  Hnsenm,  in  addition  to  bis  large  and  almost  unique  col- 
iBctiou  of  Thibetan  material,  a  most  valuable  lot  of  cloisonnes,  broDzea, 
u>d  carved  lacqners  collect^  during  bia  residence  in  Pekin. 
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I  may  also  meotioa  bere  ooUeotioDS  of  unDsaal  iatereAt  and  valoa, 
made  by  Dr.  W.  A.  Abbott,  Id  the  reeici  of  Hoaot  Kil^maDJaro, 
aod  of  those  by  Mr.  William  Harvey  Brown,  of  the  Natiooai  MnsMim, 
while  attached  to  the  tlDlted  States  Eclipse  Expeditioo  to  the  west 
coast  of  Africa,  under  the  aospices  of  the  Navy  Department  Grate- 
flil  acknowledgments  are  dae  Dr.  W.  H.  Rmth,  U.  S.  STavy;  Hr.  J.  P. 
Iddinge,  U.  S.  Geological  Sarvey;  Mr.  E,  M.  Aaron,  of  the  Amerieao 
Entomological  Society;  Mr.  C.  B.  Orcutt,  of  Sau  Diego,  Cal.,  from  whom 
specimens  secured  in  their  travels  have  been  received  or  are  expected. 
Mr.  Henry  W.  Elliott,  who  is  now  visiting  the  Seal  Islands  of  Alaska  on 
United  States  Government  business,  is  expected  to  secure  for  the  Ma- 
seam  specimens  of  fbr-seal,  fishes,  and  other  zoological  material. 

In  the  Bureau  of  Ethnology  I  would  refer  to  the  mound  explorations 
that  have  been  conducted  ander  the  immediate  superintendence  of  Prof. 
Cyras  Thomas,  byMr.  H.  L.  Reynolds,  Mr.  J.  D.  Middletoo,  and  Mr. 
James  Mooney ;  and  to  the  general  field  work,  chiefly  among  the  Indian 
tribes,  of  Mr.  W.H.  Holmes,  Dr.  W.  J.  Hoffman,  Mr.  Victor  Mindeleff,  Mr. 
James  Mooney,  Mr.  Jeremiah  Oartin,  Mr.  J.  W.  B.  Hewitt,  and  Mis. 
T.  E.  Stevenson. 

PUBLICATIONS. 

With  regard  to  the  character  of  the  works  issued  by  the  Institation 
during  the  past  year,  little  is  to  be  added  to  the  general  statements  made 
in  my  last  report  In  each  of  the  three  classes  of  Smithsonian  poblica- 
tions,  to  wit,  I,  The  Contributions  to  Knowledge;  II,TheMi8cellaDeoas 
Collections ;  and  HI,  The  Annual  Reports,  about  the  same  amount  of 
prodnctivenesa  has  been  maintained. 

Smithsonian  Cantributiong  to  Knowledge. — An  original  memoir  by  Prof. 
Alpheus  Hyatt  on  the  "  Genesis  of  the  Arietidfe,"  illustrated  with  namer- 
ous  plates,  has  been  published  during  the  year,  and  this  has  permitted 
the  completion  of  the  long-delayed  twenty -sixth  volame  of  the  quarto 
series.  Two  other  memoirs,  relating  to  the  solar  corona,  have  been  pub- 
lished in  the  same  quarto  form,  but  will  not  probably  be  included  in  tiie 
volumes  of  the  "  Contribntions." 

•Smithsonian  Misodlaneous  Collections. — While  the  namber  of  separate 
titles  under  this  class  has  been  considerable,  many  of  them  are  the  ' 
separate  issnee  of  articles  contributed  at  the  expense  of  the  Institatioii 
to  the  Annual  Reports.  It  is  in  contemplation  to  devote  a  larger  space 
in  the  "  Collections  "  than  of  late  to  pablicatioos  connected  with  the 
physical  sciences ;  in  which  direction  may  be  mentioned  as  one  of  the 
more  important  issues  of  the  year,  an  "  Index  to  the  Literature  of  Ther- 
modynamics," by  Mr.  Alfred  Tuckermau.  The  demand  forcopiesof  the 
exhausted  fourth  edition  of  Guyot's  Meteorological  and  Physical  Tables, 
published  in  18di,  has  been  deemed  sufflcient  to  warrant  the  leTiBioo  of 
the  work  and  the  issue  of  a  new  edition,  which  has  been  for  several 
years  under  consideration.    After  obtaining  the  views  of  prominent  me- 
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Imiologistfl  the  work  was  placed  in  tbe  hands  of  Prof.  Wlllluu  Llbbey, 
jr.,  of  PrinoetoD,  Nev  Jersey,  with  tbe  expectation  that  the  new  edi- 
tJOD  will  lie  ready  for  the  printer  daring  the  coming  year. 

Among  tbe  publicadons  of  this  series  meation  may  be  made  of  the 
tenth  "  Toner  Lectare,"  by  Dr.  Harriaon  Allen,  on  "  A  Clinical  Study 
of  tbe  Skall." 

A  revised  catalogue  and  index  of  all  tbe  Smithsonian  publications  to 
the  middle  of  ISSti,  occapying  333  pages,  prepared  by  Mr.  William  J. 
Bbees,  tbe  chief  clerk,  has  also  been  published. 

So  completed  volume  of  tbe  Miscellaneous  Collections  has  been  issaed 
within  tbe  year. 

Smithtonian  Annual  Reportt. — The  annual  report  of  the  Regents  to 
CoDgresH  for  the  yearendiug  June  30, 1887,  in  two  parts  or  volumes, 
has  been  received  from  the  Public  PriDt«r  and  has  been  widely  dis- 
tfiboted.  Tbe  annual  report  for  the  succeeding  year,  1888,  although 
printed,  has  not  yet  been  received  ;  but  is  daily  expected. 

A  detailed  account  of  the  several  publications  of  the  Smithsouian 
Institution  for  the  year,  uuder  each  class,  will  be  given  iu  tbe  Appendix. 

QOttr  publications. — Tbe  publications  of  the  National  Museum  com- 
prise the  "  Proceedings  of  the  National  Museum  "  and  the  **  Bulletins 
of  the  National  Museum,"  and  are  malDtaioed  by  an  appropriation  an- 
DQally  ma^le  by  Congress.  As  stated  in  my  last  report,  "  It  has  been 
iledded  to  hereafter  omit  these  publications  from  the  series'' of  Miscel- 
laneous OollecCious  issued  by  tbe  Institution.*  Of  the  publications  of 
Che  Bureau  of  Bthuology  the  sixth  annual  report  has  been  issued  dur- 
ing the  year. 

The  editioQ  of  Swan's  paper  on  "The  Indiana  of  Cape  Flattery" 
having  become  exhausted,  a  new  edition  of  25U  copies  has  been  printed. 

The  Annual  Bejiort  of  tbe  American  Historical  Association,  which  by 
the  act  of  iucor[>oration  the  Secretary  of  the  Institution  is  directed  to 
eommuDicatt^  to  Congress,  has  beeu  printed  as  Seuate  Miscellaneous 
Document  No.  170. 

Id  October,  1839,  final  arrangements  were  mode  with  Prof.  Kdward 
D.  Cope,  whereby  it  is  expected  that  his  important  work  upon  "  Rep- 
lilia,"  undertaken  several  years  ago  at  tbe  request  of  tbe  Secretary, 
vill  be  ready  for  the  printer  by  the  end  of  December,  1890. 

Except  iu  the  case  of  the  Annual  Reports,  the  publications  of  tbe  In- 
atitntioQ  are  generally  issued  with  satisfactory  promptness.  The  An- 
no^ Reports,  which  have  been  for  some  years  so  seriously  behindhand 
w  to  materially  affect  the  value  of  tbe  reviews  upon  scientific  progress, 
are,  it  is  boped,  to  be  brought  up  to  date  daring  the  coming  year. 

To  avoid  any  possible  delay  ou  account  of  lack  of  legislation,  tbe  at- 
tention of  tbe  chairman  of  the  Committee  ou  Printing  of  tbe  United 
States  Senate  has  been  called  to  the  desirability  of  having  the  bill  pro- 

'IfnU  aoeoaot  of  tbeae  prodactiona  will  be  given  ia  tbe  Mcond  put  of  tbe  AnDOal 
B*p>rtof  the  SmithMiilka  iDeUIation  for  tbe  feu  lBd!M90. 
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Tiding  fortfaeprJDtiDgof  tbeAunaal  Reports  so  worded  as  to  alloir  for 
the  priutingof  future  reports  without  special  legislation  each  yeiu-,  at 
the  some  tiiDe  increasing  the  number  of  copies  to  19,000.  An  act  of 
Congress  in  the  following  terms  would  probably  accomplish  aH  that 
is  desired : 

That  there  be  printed  of  the  Reports  of  the  Smithsonian  Institu- 
tion and  of  the  National  Mnsenm,  for  the  years  ending  June  thirty, 
eighteen  hnu<lreil  and  eighty-eight,  and  June  thirty,  eighteen  hun- 
dred and  eighty-nine,  and  aniinally  thereafter,  in  two  octavo  volumes 
for  each  year,  nineteen  thousand  extra  copies,  of  which  three  thousand 
shall  be  for  the  use  of  the  Senate,  six  thousand  for  the  House  of  Bep- 
resentatives,  and  ten  thonsand  for  the  Smitheonian  Institution, 

THE  SMITHSONIAN  INTERNATIONAL  BXCHANOB  8BBTI0B. 

At  a  meeting  of  the  Board  of  Begeuts  of  the  Smithsonian  InstitntioD 
on  January  8, 1890,  it  was— 

Resolved,  That  the  Begents  instmct  the  Secretary  to  ask  of  Congress 
legislation  for  the  re|>ayment  to  the  Institution  of  the  amount  advanced 
from  the  Smithsonian  fund  for  Uovemmental  service  in  carrying  oa 
the  excliaogee. 

In  connection  with  this  resolution  the  following  outline  of  the  history 
of  the  exchanges  is  important: 

Tinder  the  act  of  Congress  accepting  a  donation  from  James  Smith- 
son  "for  the  increase  and  diffusion  of  knowedge  among  men,"  and 
giving  effect  to  this  trust  by  the  foundation  of  the  Smithsoniao  Insti- 
tution, the  Board  of  Begents  in  1^51  established  a  system  of  interna- 
tional exchanges  of  the  transactions  of  learned  societies  and  like  works ; 
bat,  io  addition  tosncbpublications,  it  voluntarily  transpoi'ted  between 
1851  and  1867  somewhat  over  20,400  packages  of  publications  of  tlie 
bureaus  of  the  National  Government  at  an  estimated  cost  to  th«  pri- 
vate funds  of  the  Institution  of  about  $6,000.  This,  however,  was 
nnderstood  to  be  a  voluntary  service,  and  do  reqnest  lor  ila  re  Imborse. 
ment  has  been  made  or  is  contemplated. 

Congress,  however,  in  1S07,  by  its  act  of  March  2,  imposed  apon  tite 
Institution  the  duty  of  exchanging  fifty  copies  of  all  documents  printed 
by  order  of  either  House  of  Congress,  or  by  the  CTuited  States  Goveni- 
ment  bureaus,  for  similar  works  published  in  foreign  couatries,  and 
especially  by  foreign  Governments. 

The  Institution  possessed  special  facilities  and  experieace  for  soch 
work,  the  propriety  of  its  undertaking  which,  in  the  interests  of  the 
GoTemment,  is  evident;  but  it  was  hardly  to  have  been  anticipated 
that  the  Government  shoald  direct  this  purely  administrative  service 
and  make  no  appropriation  for  its  support  Such,  however,  was  the 
case,  and  with  the  exception  of  a  small  (presently  to  be  noted)  sum, 
returned  by  some  bureaus,  it  was  almost  entirely  maintained  during 
the  next  thirteen  years,  or  until  the  first  appropriation  to  the  Institu- 
tion for  exchanges  in  1881,  at  the  expense  of  the  private  fund  of  Jamea 
Smithson.  ,  -         , 
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From  JaDQary  1,  1S68,  to  Jaue  30,  1836,  292,483  packages  cuntain- 
ing  these  official  Goverament  pablicatioos,  bavjog  little  to  <lo  with 
the  object  to  which  Coogress  devoted  the  Institution's  private  funds 
vi>re  traasport«d  by  the  Exchauge  Bureau  at  a  pro  rata  cost  of 
I9'J,M3.36  of  which  $29,706.ft5  accrued  Ivetween  1881,  when  the  first 
specific  appropriation  was  made,  and  1886.  Oftliia  992,943.30  $19,302.35 
TM  retorued  from  various  Departments  and  bureaus,  leaving  a  balance 
ar}73,641.01  expended  in  carrying  exclusively  Guverumeotal  pnblica- 
tioDs. 

What  has  preceded  refers  to  the  transportation  of  official  documents, 
and  not  to  that  of  transactions  of  learned  societies  and  other  like  works; 
bpt  it  is  DOW  necessary  to  mention  that  in  1878  the  honorable  the  Sec- 
reEary  of  Stat«  designated  the  Smithsonian  Institution  as  the  special 
agent  for  the  Onited  States  Governmentforcarryingout  the  provisions 
of  an  international  conveDtioa  at  Paris,  which  made  the  respective 
Goveniments  assume  the  cost,  ttot  only  of  the  transportation  of  official 
docQmenW,  but  of  scientific  and  literary  publications,  between  tlie 
states  interested,  and  it  would  seem  that  Congrcssitsetf  adopted  this 
view  of  its  responsibility,  for  from  July  1,  1881.  to  June  30, 188C,  while 
the  Congressional  and  bureaucratic  exchange  represented  a  pro  rata  cost 
of  129,706.85  and  the  scientific  publications  $39,034.90,  Congress  ap. 
propriated  directly  $35,500,  somewhat  more  than  the  cost  of  the  Govern-  < 
meat  exchange,  bnt  leaving  a  balance  of  $3,534.90  for  Kcieuti&c  and 
iitenu7  exchanges  unpaid.  This  latter  sum,  $3,534.90,  added  to  the 
Ii3,641.01  mentioned  above,  makes  a  total  of  $77,176.91,  for  which,  in 
equity,  repayment  might  be  requested. 

ia  1886,  OQ  the  15th  of  March,  plenipotentiaries  of  the  Uuited  States 
and  various  other  nationalities  »igued  a  convention  more  formal  than 
that  at  Paris,  by  which  the  respective  Governments  definitely  assumed 
the  exchange  of  official  documents  and  scientific  and  literary  publica- 
tions between  the  states  interested. 

Adopting,  then,  the  year  188^,  rather  than  the  earlier  date,  1881 
(tboQgh,  as  mentioned  In  the  report,  equity  would  seem  to  allow  Che 
Institntion  the  entire  sum  expended  in  exchanges,  at  least  since  ils 
otBcial  recognition  by  Congress  in  1881  as  the  Government  exchange 
agent),  it  appears  upon  deducting  the  amount  appropriated  by  dm- 
eivss,  $:)5,SU0,  from  the  balance  shown  in  the  preceding  (taragrnph, 
('3,611.01,  that  we  have  $38,141.01  as  tbeamouut  due  the  private  fund 
of  Jaiues  Smithson  from  1868  to  1836. 

Considering  separately  the  period  from  July  1, 1886,  to  June  30, 1889, 
"e  find  that  the  amount  expended  io  these  years  under  the  direction  of 
tbe  Smithsonian  Institution  on  account  of  international  exchanges  was 
l4T,)26.5(l;  of  this  snm  $37,000  was  pnid  by  Congressional  appropria- 
tions, 13,091.75  were  paid  by  Government  departments  and  others,  and 
the  balance,  $7,034.81,  by  the  Smithsonian  Institution. 
To  recapitulate  briefly  it  appears,  then,  that  the  following  sums  have 
■fl.  Mis.  129 2  C^OOglc 
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been  expended  front  tb«  Smithsonian  ftaDdafor  tbe  sapportof  tbeiotv- 
natioDal  exubange  system  in  tbe  interests  and  b;  the  aathohty  of  tbe 
National  Ooreniment,  namely,  938,141.01  in  excess  of  appropristioiii 
advanced  fh>m  Jatioary  1, 1868,  to  June  30,  1886,  for  tbe  exohaotce  of 
ofBcial  OorernmeDt  docaments,  and  t7,034.8l  in  excess  of  appropriatiODi 
ftttm  Jnly  1, 1886,  to  June  30, 1889,  advanced  for  the  porpose  of  oanj- 
iDg  ODt  a  coDveotion  entered  into  by  the  United  States,  or  an  aggregate 
of  »45,176.82. 

A  memoraudnm  setting  forth  the  above  facts  and  reqnestiDg  that 
steps  be  taken  to  procnre  tbe  retarn  to  the  Smithsonian  fund  b;  Con- 
gress of  tbe  snm  last  mentioned  ($45,176.82)  was  transmitted  od  the 
20tb  of  May,  1890,  to  tbe  Hon.  Benjamin  Batterworth,  of  the  Boaidof 
Begeots,  to  be  laid  by  tbe  latter  before  Congress  in  dne  form. 

The  exchange  work  has  shown  tbe  nsaal  increase,  no  less  than  82,573 
packages  having  beeu  handled  during  tbe  year,  or  6,606  more  tbu 
during  tbe  year  immediately  preceding.  The  number  of  societies  lad 
individuals  for  which  exchange  accounts  are  kept  is  now  16,002. 

The  actual  cost  of  the  exchanges  for  tbe  fiscal  year,  taking  in  >^ 
count  bills  rendered  and  moneys  received  Dp  to  September  21,  iSW, 
for  services  rendered  between  Jaly  1,  1889,  and  June  30, 1890,  w« 
$17,401.23.  Of  this  sum  $15,000  were  appropriated  directly  by  God- 
gress,  $1,986.14  were  repaid  by  several  Government  bureaus  to  «hicb 
appropriations  bad  been  made  for  tbe  purpose,  $28.40  was  received 
from  State  institutions  and  other  sources,  leaving  a  deficienicj  of 
$386.69,  which  was  paid  from  tbe  Smithsonian  fund. 

In  my  report  for  last  year  I  had  the  honor  to  submit  detailed  esti- 
mates showing  the  necessity  of  larger  appropriations  by  CoDgressif 
the  Exchange  Bureau  is  to  be  placed  upon  a  satisfactory  footiug. 

The  chief  increase  iu  outlay  would  be  to  secure  a  more  prompt  sertiec 
and  to  increase  the  number  of  exchanges  that  are  received  for  tbe  li- 
brary of  Congress,  in  return  for  the  Covernment  exchanges  aeot 
abroad.  It  is  probable  that  tbe  number  of  the  latter  would  be  largely 
increased  if  siiecial  efforts  were  made  to  that  end. 

An  improvemeut  in  the  promptness  of  transmission  to  Europe  bu  j 
taken  place  within  tbe  last  few  years,  but  packages  are  still  unduly  de-   | 
layed  by  reason  of  tbe  fact  that  we  are  not  able  to  pay  for  rapid  U$a»-  : 
mission.    The  exchange  boxes  go  by  slow  freight  and  we  are  in  most 
instances  dependent  upon  the  courtesy  of  tbe  steam-ship  companies  for 
free  freight    The  greater  number  of  the  publications  now  transmitud 
are  for  the  benefit  of  tbe  Oovernmeut  and  it  seems  unjust  to  coutiuDe 
to  make  use  of  such  privileges  originally  granted  in  the  interwtsof 
of  science.    The  entire  sum  asked  for  was  $27,600. 

Our  exchange  relations  with  foreign  Governments  have  andeigoof 
no  material  change  on  account  of  tbe  treaty  at  Brussels  proclajioeci 
January  16, 1889,  to  which  allusion  has  been  made  in  previous  reports. 

lu  order  to  carry  out  in  good  faith,  as  far  as  our  ova  qonnti^  is  ood' 
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cerned,  tbe  oonveatioD  reladng  to  tbe  immediate  exohange  of  parlia- 
nentaiy  jonmals,  a  commoDication  was  directed  to  tbe  tionorable  the 
SecretHry  of  State  nader  date  of  December  12, 1889,  BtatiDg  tbe  neces- 
lity  of  procnriDg  from  Congress  ao  appropriation  of  atwat  12,000  to  meet 
theexpensesoftraiismitting  abroad  copies  of  tbe  Congressional  Record 
Bod  otber  publislied  documents  pertaiDing  to  tbe  daily  routine  of  Con- 
gress; and  a  joint  resolntioa  introdaced  at  tbe  instance  of  tbe  honorable 
tbe  Secretary  of  State  was  promptly  passed  by  tbe  Senate,  appropriating 
tJje  Bom  named,  $:f,000.  I  regret,  however,  that  at  the  close  of  the  fiscal 
fear  no  action  had  been  taken  in  tbe  matter  by  tbe  House  of  Bepre- 
KDtativeH,  and  in  oousequeoce  no  attempt  has  been  made  to  give  effect 
to  tbe  treaty. 

Tables  sbowiDg  in  detail  tbe  transactions  of  the  year  will  be  found  in 
tbe  report  of  the  curator  of  exchanges  appended  hereto. 

Tbe  progress  of  work  on  the  new  exchange  list  is  mentioned  under  the 
head  of  the  library. 

LIBRABT. 

The  accessions  to  the  library  have  been  recorded  and  cared  for  as  dur- 
ing the  last  fiscal  year. 

Tbe  following  statement  shows  tbe  number  of  books,  maps,  aud  charte 
noeived  Itom  July  1, 1889,  to  June  30,  1890 : 


OdUtd 

•mSlor. 

QOMtO 

B,!S6 

..-. 

t.23« 

17»3 

».ig; 

Of  these  accessions,  8,695  (namely,  785  volumes,  6,900  parts  of  volumes, 
&Qd  1,010  pamphlets)  were  retained  for  use  at  tbe  National  Museum 
library,  and  1,059  medical  dissertations  were  deposited  in  the  library  of 
tbe  SnrgeoD-General,  XT.  S.  Army;  the  remainder  were  promptly  sent 
to  tbe  Library  of  Congress  on  the  Monday  fallowing  their  receipt. 

The  reading  room  is  now  almost  filled  with  periodicals.  There  are 
at  present  displayed  the  carreat  volumes  of  468  journals.  Tbe  cun- 
Mmction  of  shelves  above  the  cases  in  tbe  reading  room  has  rendered 
it  practicable  to  withdraw  from  the  Smithsonian  deposit  in  the  Library 
ot  Congress  the  complete  series  of  tbe  large  quarto  Transactions  or 
Memoirs  of  most  of  the  great  European  academies ;  the  Librarian  of 
CongresB  kindly  uiving  every  facility  for  this  transfer.* 

*Th«  pablioatioDs  iion  depoaited  in  the  read iuf( -room  are  as  fullowa:  Thu  "Haod- 
limir"  of  tiie  RojaI  Swedish  A.c&demy ;  TranaactianR  of  the  Royal  Society  of  KdiD- 
||«t;b;  TnoMCtioDBof  tbeKoyal  Iriith  Academy ;  '■Skriftur"  of  the  Koyal  Dauish 
™<!m^  of  Scieocei ;  "  Detiksch rifle n  "  of  the  Imperial  Academy  of  Sciences,  Vieuna; 
•iciDainof  theSt.  PeterabDrg  Academy;  "Atti"  of  the  two  Academies  of  the  Linooi 
ttfiofflB,  Uie  rojral  uid  the  pootUical;  Nova  Acta  Acadewiu)  Cteeareai  Leopoldino- 
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Id  my  last  report,  I  referred  to  the  commencement  of  tbe  work  of 
Increasing  the  library  by  exchanges.  This  work  has  now  beeo  carried 
OD  for  a  year  with  fairly  promiaing  results. 

Tbe  labor  of  aHHigDiDg  the  diEferent  journals  reoomtneDded  asdwin- 
ble  to  the  foar  claijses  mentioned  in  my  last  report — namely,  (1)  jooraali 
which  receive  no  Smithsonian  publications,  and  which  are  not  to  be 
found  in  the  library  of  the  Institution ;  (2)  jonrnals  which  mwiv« 
Smithsonian  publications,  but  whichmake  either  no  return  or  an  ioad- 
eqnate  return  for  these;  (3)  journals  which  regularly  exchange willi 
the  Institution,  but  of  which  the  flies  in  the  library  are  for  any  Teason 
defective;  (4)  journals  which  regnlarly  exchange  with  the  InstitntiOD, 
and  of  which  the  library  possesses  a  complete  file — occupied  the  tim* 
until  January  18,  1890.  The  writing  of  letters  asking  for  exchange  « 
calling  attention  to  deficiencies  was  then  commenced  systematically. 

Up  to  the  close  of  the  fiscal  year,  1,601  such  letters  had  been  written. 
In  response  to  the^e  letters,  201  new  exchanges  were  received  and  360 
defective  series  were  completed,  either  wholly  or  as  far  as  the  mismf 
parts  were  still  iu  print. 

A  list  of  the  cew  exchanges  is  presented  in  the  Appendix  (Report  (tf 
the  Librarian)  where  will  also  be  found  a  list  of  the  most  imporuni 
accessions  outside  of  the  regular  serials. 

The  work  of  re-orgauization  of  the  library  under  the  regulations  vhich 
I  had  prepared  upon  my  appointment  as  Assistant  Secretary.  aiidd& 
scribed  at  some  length  iu  my  report  for  the  years  1887-'88,  has  been 
efficiently  carried  out  by  tbe  librarian,  Mr.  Murdoch.  I  may  also  mtn- 
tion  that  a  plan  is  under  consideration  for  the  further  extension  of  tbe 
usefuluess  of  the  library,  by  establishing  as  a  part  of  it  a  collection  of 
books  on  general  literature  for  the  use  of  the  employes  of  tbe  lastita- 
tion  and  its  dependencies,  although  iu  its  present  location  its  growth  i) 
impeded  for  lack  of  room,  owing  to  the  pressing  demands  of  the  Goi- 
eroment  business  in  the  Exchange  Bureau. 

HI  8CELL  AKE0TT5. 

Statue  of  Professor  Saird. — I  desire  to  call  the  attention  of  the  B^ 
gents  to  tbe  fact  that  the  bill  iutruduccd  in  tbe  Senate  and  pansed  bv 
that  body  on  February  10,  1S88,  making  an  appropriation  for  theer«^ 
tion  of  a  brouze  statue  iu  recognition  of  tbe  distiuguished  services  to 
tbe  country  of  the  late  Profei^sor  Baini,  bas  failed  to  reach  final  aclion 
by  Congress.  I  earnestly  hope  tbat  steps  will  be  takeu  to  secore  fo^ 
this  measure  the  attoution  it  merits,  and  I  continue  to  give  it  my  l>«^ 
sonal  care. 

Grants  in  aid  of  the  physical  sciences. — In  accordance  with  an  early 
established  precedent,  though  one  of  late  in  disuse,  some  small  grants. 

Carolluiu  GermaQicatNaturu!  Curiosonim;  '■AlibauiltungeQ"  ortbe  Berlin  AcAdemt. 
"NnvnActa"  of  the  Acoditm.r  ofUpMila.  Iu  lulitition  to  these  the  l'lliloMpb1l^>l 
TrniiHactioiia  of  the  Roynl  Soricl.v,  und  the  "Cnniptca -Kendiis"  of  the  freil*!''  ^**' 
demf  of  Soieooes  have  beeu  deposiiod  ia  the  office  of  the  editor. 
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from  the  Smithonian  fuDd,  coinmeiiBurate  rather  witb  the  abilitiee  of 
ttie  lostitatton  than  with  its  wishes,  have  beea  made  this  year  to  aid 
in  physical  scieDce  in  addition  to  the  aid  ho  largely  given  to  bioloigcal 
and  ethnological  science  throngh  the  MuHeam,  Bureau  of  Ethnology, 
sod  Zoological  Park. 

The  sabscriptioD  of  twenty  copies  of  the  ABtronomical  Jonrnal, 
wbich  are  distributed  abroad  as  exchanges  of  the  Institatiou,  has  been 
coDduned. 

To  the  Lick  Observatory,  through  its  director,  Professor  Holden,  a 
small  grant  has  been  mjule  for  the  purchase  of  photographic  plates 
an<t  apparatus  to  be  used  in  )>ecuriog  photographs  of  the  moon,  and  es- 
pecially of  certain  regious  on  a  large  sca'e,  the  results  of  the  work  be- 
ing available  for  publication  by  the  Institntion. 

Aid  has  also  been  promised  Prof.  Albert  A.  Michelson,  of  Clark 
UDJTersity,  Worcester,  Mass.,  in  his  important  investigations  for  the 
determination  of  a  standard  of  length  that  shall  depend  uihiu  the  length 
of  a  wave  of  light 

A  small  grant  has  been  made  to  Mr.  F.  A.  Seely,  of  the  United  States 
Patent  Office,  for  the  purchase  of  certain  objects  of  archaeological  in- 
terest, daring  the  course  of  a  contemplated  journey  iu  Spain. 

Auiytment  of  rooma  for  scienHJUs  leork. — A  room  in  the  basement, 
which  is  specially  suited  for  delicate  physical  measurements,  on  account 
uf  its  freedom  from  tremor,  has  been  continued  at  the  dis|K>sal  of  the 
C.B.  Coast  and  Geodetic  Survey  for  pendulum  experiments,  and  two 
office  rooms  have  also  been  assigned  to  the  temporary  use  of  the 
Zoological  Park  Commission.  The  Begents'  room,  In  the  south  tower, 
was  grauted  for  a  meeting  of  the  American  members  of  the  committee 
on  the  "  International  Standards  for  Iron  and  Steel "  on  February  19, 
1890. 

Facilities  for  study  in  the  Museum  have  been  accorded  to  a  namber 
of  students,  as  stated  in  describing  the  Museum  work,  and  under  special 
condiiions  instruction  has  bei^n  given  in  taxidermy  and  photography. 
The  lecture  ball  iu  the  Museum  has  been  used  by  anthoHty  of  the  Exec- 
otire  Committee  for  the  meetings  of  the  National  Academy  and  other 
scientitic  organizations  and  for  the  Saturday  lecture  courses. 

ToKer  lecture/und. — This  fund,  which  hasan  estimated  value  of  about 
(3,000,  is  in  the  care  of  a  board  of  trustees,  of  which  the  secretary  of 
theSmithsoniao  Institntion  is  ex  officio  chairman.  No  lecture  has  been 
delirered  this  year  under  the  auspices  of  this  fund.  The  lecture  de- 
livered by  Dr.  Harrison  Allen,  on  May  29, 1889,  on  the  "Clinical  Study 
"fUie  Skull,"  has  been  printed. 

Aneriean  Historical  Ansodation. — A  bill  to  incorporate  the  Ameri- 
^■i  Bistorical  Association,  which  provided  that  the  Association  shontd 
Kpon  annually  to  the  Secretary  of  the  Smithsonian  Institntion  and  that 
the  Secretary  shonld  communicate  to  Cougress  the  whole  of  such  re- 
ports, or  such  portion  thereof  as  he  might  see  fit,  finally  became  a  law 
onJanoary  4, 1889.  Cn^tl^^lc 
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In  December,  1889,  the  annnal  meeting  of  the  Assoclatlou  took  place 
in  Washington,  the  morning  session  Iteing  held  in  the  tectnro  ball  of 
the  National  Moseam  and  the  evening  session  in  the  Colombian  TTaiver- 
ity.  The  proceedings  of  this  meeting  are  printed  in  the  annual  report 
of  the  association,  which,  in  accordance  with  the  provisions  cited  above, 
was  submitted  to  bte  on  January  14, 1890,  and  on  Jane  18  was  commu- 
nicated to  Congress  and  ordered  to  be  printed  as  Senate  Miacellaneons 
Document  No.  170,  This  report  included,  in  addition  to  the  proceed 
ings  of  the  annual  meeting,  a  unmber  of  historical  papers  of  a  high 
order. 

'  The  provision  by  which  the  Regents  are  authorized  to  permit  tbe 
deposit  of  tbe  collections,  manuscripts,  books,  pamphlets,  and  other 
historical  material  of  tbe  Association,  has  been  mot  as  well  as  oar  pres- 
ent accommodations  will  admit,  and  in  making  an  estimate  for  repurs 
to  tbe  Smithsonian  buildings  arrangements  were  made  for  a  snitable 
and  safe  place  in  which  such  valuable  records  might  be  stored. 

Bureau  of  fine  arta. — Tbe  desirability  of  having  in  connection  witli 
tbe  Government  a  suitable  depository  of  works  of  art  has  presented 
itself  so  forcibly  to  Members  of  Congress,  and  witbont  saggestiou  on 
the  part  of  tbe  Regents,  that  a  bill  was  introduced  in  the  Senate  by  tbe 
Hou.  Wilkinson  Call,  on  December  4, 1889,  providing  for  the  establish- 
ment of  a  bureau  of  fine  arts  in  the  Smithsonian  InstitntioD.  Tbia  waa 
referred  to  tbe  Committee  on  tbe  Library,  but  has  not  been  reported. 

The  wording  of  the  bill  is  as  follows: 

Be  it  enacted  by  the  Senate  and  Eome  of  R^regentatitea  of  the  United 
States  of  America  in  Congress  asiefabUd,  That  there  be,  and  is  berel^, 
created  iu  tbe  Smithsonian  Institution  a  bureau  called  tbe  Bureau 
of  the  Fine  Arts,  tbe  management  of  which  is  entrusted  to  tbe  Sec- 
retary of  the  Smithsonian  Institution. 

Sbc.  2.  That  the  pur|>08e  and  duties  of  this  bureau  shall  be  to  aid 
in  the  development  of  the  fine  arts  in  theseverul  States  and  Territories 
of  tbe  United  States,  by  the  re-production,  for  tbe  use  of  art  schools  aod 
academies,  of  casts  of  statuary  and  other  objects  used  iu  giving  instme- 
tion  ill  art;  by  preparing  and  distributing  plans  for  the  construction  of 
buildings  aud  the  adaptation  of  rooms  suitable  for  use  as  artschools, 
with  printed  plans  for  the  organization  of  various  grades  of  art  acad- 
emies and  classes;  by  causing  to  be  held  annually  in  Wasbingtoo,  Dis- 
trict of  Columbia,  a  public  exhibition  of  works  of  art,  open  to  all  desir- 
ing to  exhibit,  in  which  the  fairest  possible  opportunity  for  exposition 
shall  be  afforded  all  contributors;  and  by  the  publication  of  an  annual 
register  containing  an  account  of  new  discoveries,  inventions  and  meth- 
ods of  instructiou  useful  to  students  of  art,  together  with  a  report  of 
the  progress  of  the  fine  arts  iu  tbe  United  States. 

Sec.  3.  That  the  reproductions  and  publications  of  the  bureau  shall 
be  distributed  amoug  institutions  of  art,  under  such  regnlations  as  tbe 
Secretary  of  the  Smithsonian  Institutioo  may  establish. 

Sec.  4.  That  the  Secretary  of  the  Smithsonian  Institution  shall  pro- 
vide suitable  quarters  for  the  holding  of  the  annual  art  exhibilaoD. 

3eo.  6.  That  for  the  purpose  of  carrying  on  the  operaUons  of  this 
bureau  there  be  aud  is  hereby  appropriated,  for  tbe  fiscal  year  begiu- 

Google 
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luDg  iTiiI;  Ist,  eiebteen  hundred  and  eighty-  ,  the  sddi  of 

dollars,  to  be  paid  by  the  Secretary  of  tbe  Treasury  ont  of  any  moneys 
iQtbe  Treasury  not  otherwise  appropriated,  and  expended  uoder  the 
direction  of  the  Secretary  of  tbe  Smithsonian  Institution. 

Capro»  ooUeetion  0/  Japanese  Korka  of  art. — A  bill  'appropriating 
|U,67S,  ioCrodaced  by  the  Hon.  Daniel  W.  Voorbees  on  December  4, 
1889,  was  referred  to  the  Committee  on  the  Library,  was  reported  favor- 
ably, and  passed  tbe  Senate  od  March  2d,  ISdO.  It  was  also,  on  May 
19, 1890,  reported  favorably  by  the  House  Committee,  but  was  not 
reached  on  tbe  calendar  at  the  close  of  the  year. 

Tke  WorltCt  Columbian  E^oaiHon,  Ckicago,1892. — The  act  of  Con- 
gress approved  April  25,  1890,  which  provides  for  celebrating  the  four 
baadredtb  auniversary  of  the  discovery  of  America  by  Christopher 
Colambns,  by  holding  an  international  exhibition  of  arts,  iudostries, 
maonfactures,  and  the  product  of  tbe  soil,  mine,  and  sea  in  the  city  of 
Chicago,  states  in  sectiou  16 : 

That  there  shall  be  exhibited  at  said  exposiliou  by  the  GovernmeDt 
of  the  United  States,  from  its  Executive  Departmeuts,  the  Smithaooian 
loBtitutioD,  the  United  States  Fish  Commission,  and  the  Katiouat 
Haseum,  such  articles  and  materials  as  illustrate  the  function  and 
administrative  faculty  of  the  Uovemmeut  in  time  of  peace  aod  its 
resources  as  a  war  power,  tending  to  dt^moostrate  the  nature  of  oar  insti* 
tDtioDsand  their  adaptation  to  iba  wants  of  tbe  people;  and  to  secure 
a  complete  and  harmoDions  arrangement  of  such  a  (Government  ex- 
hibit, a  board  shall  be  created  to  be  charged  with  the  selection,  prep- 
aration, arrangement,  aafe-heeping,  and  exhibition  of  such  articles 
and  materials  as  the  beads  of  the  seveml  Departments  and  the  direc- 
tors of  the  Smithsonian  lustitatiou  and  National  Museum  may  respect- 
ively decide  shall  be  embraced  tu  said  Government  exhibit.  The  Pres- 
ident may  also  designate  additional  articles  for  exhibition.  Such  board 
shall  be  composed  of  one  person  to  be  named  by  the  head  of  each 
Executive  Department,  and  one  by  tbe  directors  of  the  Smithsonian 
lostitDtion  aniTNational  Museum,  and  one  by  the  Fish  Commission,  such 
selection  t4>  be  approved  by  tbe  President  of  the  United  States.  The 
President  shall  name  the  cbairman  of  said  board,  and  the  board  itself 
Bhall  select  such  other  officers  as  it  may  deem  necessary. 

Under  the  authority  conveyed  by  this  act  I  have  designated  as  the 
representative  opou  this  board  of  the  Smithsonian  InstitutioD  and  Na- 
tional Museum,  the  assistant  secretary  of  tbe  Institution,  Dr.  O.  Brofrn 
Ooode,  who  has  already  devoted  considerable  time  to  the  subject  of  the 
proposed  exposition  in  addition  to  his  other  official  duties. 

In  connection  with  this  requirement  that  an  exhibit  shall  be  made 
by  tbe  National  Museum,  I  beg  leave  to  recur  to  tbe  fact  that  it  has 
been  tbe  experience  in  connection  with  previous  expositions  on  a  smaller 
Kale,  that  tbe  rontine  work  of  the  Institution  is  seriously  interfered 
with  by  tboB  throwing  npon  its  regular  employes  the  great  harden  in- 
Tolved  in  tbe  preparation,  packing,  and  displaying  of  Museum  mate- 
rial without  adequate  assistance  by  an  increased  appropriation  during 
this  time  of  annsaal  effort.  The  impairment  of  specimens  by  frequent 
tiauportatiOD  ahoald  also  be  borne  in  mind,  aod  in  jnstioe  to  oar  per 
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maneot  exhibits  provision  ahoald  be  made  Tor  repairing  any  dam^ 
incarred. 

Stereotype  plates. — All  the  stereotype  plates  belonging  to  the  Institn- 
tJOQ  are  now  stored  in  the  basement  of  tbe  building,  and  some  piogresi 
has  been  made  in  examining,  re-arrangiog,  and  where  the  boxes  have 
become  worn  oat,  in  re-packing  plates.  Owing  to  the  limited  amonnt 
of  time  that  can  be  devoted  to  this  work,  however,  it  will  be  some  months 
before  they  can  be  pat  ia  a  thoroughly  satisfactoiy  condition  for  ready 
reference. 

A  request  from  Messrs.  Lee  &  Shepard,  of  Boston,  for  tbe  use  ot 
plates  from  Professor  Hyatt's '■Genesis  of  the  ArietidsB"  has  been  cheer- 
fully complied  with. 

Correspondence. — I  have  given  mncb  attention  to  tbe  improvement  of 
the  methods  of  haodling  the  correspondence  of  the  Institution,  which  is 
constantly  growing  and  has  already  assumed  very  considerable  propor- 
tions. A  simple  but  effective  means  of  recording  letters,  showing  at  a 
glance,  what  letters  remain  unanswered  each  week,  has  been  intro- 
duced, and  as  a  result  few  letters  remain  long  without  reply. 

It  should  be  borue  in  mind,  however,  that  the  character  of  tbe  ew- 
respondence,  except  such  as  relates  to  business  routine,  is  quite  AiSa- 
ent  from  that  of  Oovernment  bureaus.  Constant  inquiries  are  mad« 
A*om  all  parts  of  the  country  for  information  on  almost  every  conceiva- 
ble topic,  and  requests  for  statistics  and  for  information  on  the  most 
varying  scietitihc  subjects.  It  is  intended  that  all  of  these  inquiries 
should  receive  acknowledgment,  and, wherever  possible,  that  the  infor- 
mation desired  should  be  sent,  though  in  many  cases  it  requires  an  amount 
of  time  and  labor  on  the  part  of  curators  and  other  officers  of  the  Insti- 
tutiou  wholly  oat  of  proportion  to  tbe  merits  of  tbe  case.  j 

As  properly  coming  nnder  the  bead  of  "  diffnsion  of  knowledge,"  it  I 
does  Dot  seem  proper  to  neglect  such  inquiries,  and  it  is  intended  to  give  | 
encouragement  and  advice  wherever  possible  to  all  interested  in  the  ob-  ' 
jects  of  the  Institntion.  j 

Tbe  conrse  takeu   by  ati   incoming  letter  is  now  as  follows:   The     I 
mail  is  opened  each  morning  to  the  chief  clerk's  office,  and  all  lettera    J 
addressed  to  tbe  secretary  or  the  Institution,  with  the  exception  of    ' 
those  on  printed  forms,  purely  routine  matters,  and  applications  for     . 
Museum  publications,  are  placed  on  the  secretary's  desk  at  10  o'clock,     ' 
together  with  letters  for  signature.     Having  been  acted   upon,  tbe 
date  stamp  of  the  secretary's  office  is  affixed  to  each  vommunication 
and  the  letter  is  then  returned  to  the  chief  clerk's  office.    Should 
the  secretary  have  written  in  bis  own  hand  the  name  of  any  em- 
ploy^ or  officer  of  the  Institution  upon  a  letter,  such  action  means 
that  tbe  letter  is  to  be  referred  to  tbe  person  named,  who  is  expected 
to  prepare  a  reply  thereto  for  the  secretary's  stgnati'.re. 

Tbe  one  exception  to  this  rule  is  when  the  secretary  refers  a  letter  to 
the  assistant  secretary,  who  exereises  his  discretion  as  to  vbether  tbe 
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letter  shoold  be  answered  at  all  or  not,  aad  if  so,  whether  be  or  the 
secretary  BhoQld  aiga  the  reply. 

la  ease  do  comtneDt  bas  beeo  made  by  the  secretary,  the  dispoeitioa 
of  Uie  letters  is  left  to  the  chief  clerk,  who  assigns  them  to  the  officers 
or  clerics  having  in  charge  the  matter  treated  of.  The  letters  are  then 
seut  to  the  registry  clerk,  who  affixes  the  registry  number  and  records 
tbe  letter  in  a  book  suitably  raled  with  the  following  columns: 

7.  Uy  whom  referred. 
S.  Whea  Tefenad. 
y.  Dftte  of  answer,  or   indication  u 
1.  Whea  written.  swer  required. 

5.  When  reoeiT-ed.  10.  flynopBis  of  contents. 

6.  To  whom  roforred. 

A  special  form  is  sent  with  letters  referred  to  the  Museum,  by  means 
of  which  an  accurate  record  of  the  disposition  of  the  letter  may  bekept, 
and  a  similar  form  is  used  for  letters  referred  to  employfts  of  Che  Smith- 
Boaian  Institation  proper. 

The  object  of  this  system  is,  as  above  stated,  to  insure  that  each  let- 
ter requiriog  an  answer  shall  receive  it  with  all  attaiuable  promptness, 
OT  that  a  record  shall  be  made  of  the  fact  that  no  answer  is  required, 
and,  as  a  rnle,  it  is  believed  that  letters  are  now  being  answered  on  the 
day  after  receipt,  except  iu  the  case  of  the  somewhat  numeroas  class 
refwred  to,  upon  which  the  re|)ort  of  an  expert  is  first  necessary.  'In 
tbe  latter  case,  a  limit  of  six  days  has  been  fixed  apon  from  the  date 
of  recttipt  in  which  to  answer  ordinary  routine  letters.  A  report  ia 
Kndered  each  week  of  the  letters  that  are  then  nnauswered.  Tbis 
syRtem,  while  entailing  some  additional  labor,  appears  to  be  fnlly 
jastifled  by  the  results. 

Sepretentative  relatiotu. — In  response  to  an  invitation  from  Dr.  Henry 
fichliemanu,  forwarded  tbrongh  the  Department  of  State,  to  designate 
a  representative  of  the  Smithsonian  Institution  to  participate  in  an 
liitornational  Conference,  held  on  the  ruins  of  ancient  Troy  daring  the 
latter  part  of  March,  1890,  Dr.  Charles  Waldstein,  director  of  the 
American  School  of  Classical  Studies  at  Athens,  was  reqnested  to  act 
as  representative  of  the  Institation,  and  he  hsis  most  kindly  complied 
*itb  this  request,  transmitting  an  interesting  report  of  tbe  proceed- 
ings of  tbe  Conference. 

Prof.  H.  Carrington  Bolton  conrteonsly  represented  tbe  Institution  at 
tlwioatallatiooof  Dr.  Law  as  president  of  Columbia  College,  New  York, 
m  Pebrnary  3,  1890. 

I'rof.  Otis  T.  Mason  was  appointetl  as  tbe  representative  of  the  Insti- 
hitinu  upon  a  joint  board  composed  of  delegates  from  different  bureaus 
of  the  tiovernment  interested  iu  the  subject  to  consider  and  decide 
inestioDS  of  geographical  orthography  and  nomenclature.  Ttiis  board 
met  for  oiganization  at  the  ofB'ie  of  the  SapeHntendentof  the  0.  S, 
^J^ui  and  Geodetio  Survey  on  tbe  18th  of  March,  and  its  work  is  one 
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tbat  has  already  proved  to  be  of  great  value  to  the  Oovernment  and  to 
others  iDtere8t«d  in  geograpbical  matters. 

I  take  occasion  to  express  to  the  Director  of  the  Mint,  the  Hon.  E,0. 
Leech,  my  acknowledgments  for  his  kindness  in  having  prepared  u 
intaglio  head  of  the  late  Professor  Heocy  for  certain  official  oorrespond- 
eooe, — ao  excellent  work  of  art. 

U.  8.  NATIONAL  MtJSEtlM. 

The  operations  of  the  National  Museum  are  fully  described  in  tke 
separate  Beport  of  the  Assistant  Secretary,  in  which  are  incladed  (1) 
the  report  of  the  Assistant  Secretary  in  charge  of  the  Haseum ;  (2) 
the  reports  of  the  curators  of  the  scientific  departments  of  the  Hnse- 
nm ;  (3)  special  papers  based  npon  and  illustrative  of  ooUectionB  in  tlie 
Mnseum ;  (i)  bibliography  of  the  publications  of  the  Museum  sod  of 
papers  published  by  Museum  officers  and  other  collaborators;  [5]  » 
list  of  the  accessions  to  the  Mnseum  during  the  year. 

Inoreaae  o/the  Museum  coltecHona. — A  small  number  of  specimens  wen 
purchased  during  the  year.  The  necessity  of  expending  a  considerable 
eutn  of  money  in  the  purchase  of  new  material  becomes  every  year  more 
apparent.  The  donations  of  friends  of  the  Mnseum  are  to  a  large  ex- 
tent miscellaneous  in  character,  and  they  frequently  duplicate,  rather 
than  enlarge  and  complete,  the  various  series  of  objects  already  in  tbe 
collections.  The  Museum  has  now  reached  a  point  where  the  oomplete 
presentation  of  subjects  by  means  of  full  suites  of  specimens  is  of  the 
highest  importance,  and  this  can  be  accomplished  only  by  purchase. 

The  increase  in  the  number  of  accessions  during  the  year  has  been 
less  than  in  the  preceding  year  by  nearly  200  numbers.  This  is  not 
surprising,  since  no  special  efforts  have  been  made  to  secure  ne* 
material,  excepting  in  certain  directions,  in  which  the  completion  of 
special  series  of  objects  was  desired,  in  view  of  the  crowded  condition 
of  both  the  storage  and  exhibition  space.  This  matter  has  repeatedl; 
been  referred  to  in  the  more  recent  reports  of  the  Institution  and  of  ttte 
Museum,  and  efforts  have  been  made  to  obtain  an  appropriation  fhrn 
Congress  for  the  construction  of  a  new  Mui^eum  bnildiug.  The  Senate 
has  acted  favorably  in  regard  to  the  matter,  but  its  action  has  not 
received  the  support  of  the  House  of  Representatives. 

The  contributions  during  the  year,  although  less  in  number  than  in 
the  previous  year,  are,  taken  as  a  whole,  equal  in  importance.  Espe- 
ciaUy  is  this  true  in  the  case  of  material  acquired  from  foreign  countries, 
and  of  collections  received  through  the  assistance  of  the  Department? 
and  Bureaus  of  the  Government. 

The  extent  and  character  of  the  accessions  during  the  year  and  each 
year  since  18S1  is  shown  in  the  ap|>ended  table.  The  total  number  of 
specimens  received  during  tbe  year  covered  by  this  report  is  estimated 
at  SlfidH. 
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I  or  coUmUod  Uktn. 

il  IncrvMS  Id  ths  colleotloni  dnrins  tba  ynti  1SBO-'90 1*  rauoh  greater  than  appeon  froin 
■  total*  for  1680  and  for  1800.    Thi*  la  oiplained  bj  the  apparcnl  abMUCO  of  an; 
^cn*(a  b  tbo  Deparlmeiila  of  LithoJogr  bbiI  HBUilorgy.  tlia  total  far  18M  In  both  oC  thoM  dapart 

'Allbdofh  about  two  hundred  apeolmena  have  bean  rooolrod  doriag  tba  year,  tbo  total  nooiber  of 
•|Ki«a4  lb  tbe  ooUaoUos  I*  nnw  lou  than  that  astimaiad  for  IS8>,  owlnc  lo  the  i^sction  at  wonh- 
iMntuiaL 

'Tba  coDHdan  new  eontalna  between  3,000  and  4,000  ipeoLineD*. 

*S>atima|«Df  inonaaeniBdeln  1800. 

■Iiehided  In  the  hlXorlsal  eidlwition. 

'Only  a  uaall  portioaof  the  colleoUon  repreaenled  bj  Ibla  number  waa  reeelred  during  ths  jeat 
W.1I. 
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'  ThcM  Bumben  hsvs  reference  oulj- to  ■iHMldietu  m>el*(4  Ihraagh  Uie  lIa>eaiD.uil  do  notioctodi 
■pcdmen*  reoalTsd  for  chu  NatloDiil  Bnrbariam  tbtouKh  tba  DepATtneBt  of  AfiDaltore. 

■CoUeoUane  oornbiDed  in  OotulKr.  1880,  oniler  DepitrlmeDt  of  Geolog)'.  Tbe  Appuvnl  deoraH  ■( 
mora  tbao  SO  per  oent  of  (be  mllaiiiWi]  total  for  1880  ii  Moonoled  for  (1)  b;  tbe  r^ectioD  of  mtnal 
tbouModi  or  ■pecimaD*  rroiu  lb«  callfclion,  and  (2)  by  the  Oct  tbat  no  calliDBtc  of  Iba  ■pednw 
la  tbareserTS  uidilaptiute  UTtcs  la  Inoluded.  Of  tbe  total  fur  1800.  abont  10,000  apeoliMiBt  eouM 
chloflj  of  pctFOj^raphlcal  material  atored  away  fnratbdy  and  oomparlaon  la  tbe  dimwgra  of  table  cum. 

>  Tranareired  to  the  National  ZooloEloal  Park. 

Catalogue  entries. — The  namber  of  eutries  made  Id  tbe  catalogoeof 
tbe  several  departments,  of  tbe  Mnseam  during  tbe  year  is  28,293. 

Tbe  Dumber  of  boxea  and  packages  recorded  by  tbe  registrar  ae  baviDg 
beeu  received  daring  the  year,  and  entered  apon  ibe  transportation 
record  of  tbe  Smitbsoniaii  Institution,  in  52,079,  Of  tbis  number  827 
contained  specimens  for  the  Museum.  Altboagb  the  total  namber  of 
packages  received  is  more  than  three  times  as  great  as  that  for  l»t 
year,  the  number  of  packages  containing  specimens  for  tbe  Maseuio  ia 
only  a  little  more  than  cue-third  of  the  number  received  during  1889. 

Co-operation  of  the  Departmenta  of  Oopemment. — Tbe  friendly  interest 
displayed  iu  the  work  of  tbe  National  Museum  by  ofiSoera  of  the  De- 
partments of  the  Goverumeut  has  beeu  continued.  In  uo  previous  year 
Las  the  Museum  had  occasion  to  acknowledge  more  gratefully  thecoor. 
teoas  assistance  rendered  by  the  Secretaries  of  the  Departments  and 
the  chiefs  of  many  of  the  Bureaus. 

Through  the  medium  of  the  Department  of  State,  several  Uuited 
States  ministers  and  consuls  have  brought  tbeir  inSueuco  to  bear  Id 
obtaining  for  tbe  Museum  representatious  of  the  fauna  and  flora  of  tbe 
regions  in  which  they  are  residing. 

The  Secretary  of  tbe  Treasury  has  extended  tbe  usual  courtesies  in 
connection  with  the  free  entry  of  ttpeciuiena.  Special  facilities  have 
been  afforded  in  connection  with  the  visit  of  Mr.  Henry  W.  Elliott  to 
the  Seal  Islands  of  Alaska,  which,  it  is  hoped,  will  result  in  tbe  addition 
of  several  specimens  of  fur-seal,  fishes,  and  other  uatural-bistory  objects 
to  the  collections.  The  Coast  aud  Geodetic  Survey,  the  Revenue  Us- 
rine  Division,  tbe  Life-Saving  Service,  and  the  Light-House  Board  have 
assisted  collectors  for  tbe  Museum  in  special  ways. 
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Several  otBcers  of  tbe  U.  8.  Army  have  made  valuable  contribations. 
The Qaartermaster's  Department  has  exteoded  importaat  asaiatance  in 
coDnection  with  the  transportatiOD  of  balky  material  for  the  Museum. 

FroiD  officers  of  the  U.  S.  "S&vy  maoy  collections  have  been  receive'! 
from  foreigD  cooutries,  includiDg  the  West  Indies,  Liberia,  the  Samoan 
Islauds,  and  Mexico. 

Tbroagh  the  courtesy  of  the  Secretary  of  the  loterioi,  the  Maseum 
tuts  received  a  very  valuable  collectiou  of  ethuological  specimens  from 
the  ludians  of  the  Tulalip  Reservation,  Washington.  The  material 
transmitted  to  the  Maseum  by  the  V.  S.  Geological  Survey  Is  large  in 
extent  and  quite  eqnal  in  importance  to  the  collections  received  frotu 
that  source  in  previous  years. 

From  the  Divisions  of  Animal  Industry,  Entomology,  Botany,  For- 
estry, and  Oruitbology  and  Mammalogy,  in  the  Department  of  Agricul- 
ture, numerous  contributions  have  been  received. 

Dutr^mtion  of  Duplicate  Specimens. — Collections  of  ethnological,  zoo- 
logical, botaaical,  and  geological  specimens,  contained  in  two  hundred 
and  one  packages,  have  been  distribated  during  the  year  to  aboat  one 
houdred  and  twenty  edacatioual  establishments  at  home  and  abroad. 
A  large  number  of  dnplicate  sets  of  minerals  and  marine  invertebrates 
vere  included  in  these  distributions. 

Nnmerous  applications  for  dnplicate  specimens,  chieBy  minerals,  still 
remain  unfilled.  It  in  hoped  that  during  the  next  fiscal  year  it  will  be 
possible  to  send  out  bird-skins  and  rocks  also. 

Mtueum  PublicatioHs. — This  department  of  the  Musenm  work  has 
been  anusually  active  during  the  year. 

The  Musenm  Reports  for  1886  and  1887  have  been  published.  Each 
of  these  volamea  contains  several  papers  based  upon  collections  in  the 
Hasenm  by  Musenm  officers  and  other  collaborators. 

Volume  XI  of  the  Proceedings  of  the  National  Museum,  for  1888,  has 
been  issued.  This  contains  xi+703  pages,  60  plates,  and  122  text  fig- 
ures. It  includes  eighty-five  papers  by  forty-three  authors,  nineteen 
of  whom  are  officers  of  the  Museum.  The  papers  composing  Volume 
XII  of  Proceedings  of  the  National  Musenm,  for  1889,  are  twenty-nine 
in  number  (Nos.  761-789);  and  were  all  published  as  separates  dur- 
ing the  year,  although  the  bound  volume  has  not  yet  been  issued. 
Commencing  with  this  volume  the  system  of  issuing  sixteen  pages  at 
a  time — forming  a  signature — as  soon  as  sufficient  manuscript  bad 
accumulated,  has  l>een  discontinued.  Each  pajter  is  now  printed  separ- 
ately, in  advance  of  the  bound  volume,  and  is  immediately  distrilmted 
to  specialists. 

Five  numbers  of  the  Bulletin  have  been  publishetl  (Nos,  34-38,  incln- 
>ive).  Bulletin  34  relates  to  '-  The  Batracbia  of  North  America,"  by 
Prof.  E.  D.  Cope.  Bulletin  35  contains  a  "Bibliographical  Catalogue 
rfthe  Described  Transformations  of  North  American  Lepidopt«ra,"  by 
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Ur.  Henrj  Edwards.  BnlletiD  36  is  entitled  "  OoDtrtbotions  to  tbe 
Nataral  History  of  the  Getooeans,  A  Review  of  the  Family  Delphinide,* 
by  Mr.  Frederick  W.  Trae.  BoUetaa  38  baa  the  title:  >' GoDtribatioB 
toward  a  Uooograpb  of  tbe  losecte  of  tbe  Lepidopteroos  family  N<k- 
tuidiB  of  Temperate  North  America,"  and  is  a  revision  of  tbe  flpeda 
of  tbe  genns  Agrotis.  This  Bulletio,  by  Mr.  John  B.  Smith,  of  Batgen 
College,  New  Jersey,  was  not  actually  pablisbed  antil  after  tbe  close  of 
the  fiscal  year,  althongh  it  was  pot  in  type  daring  the  year  covered  by 
this  report.  Tbe  mannecript  for  other  Balletios  relating  to  deep-sea 
fishes,  by  Drs.  G.  Brown  Goode  and  Tarleton  H.  Bean,  and  to  a  descrip- 
tion of  the  metallargical  collection  in  the  Museam,  by  Mr.  Fred  P.  Dewe;, 
has  been  transmitted  to  the  Government  Printing  Office. 

A  large  namber  of  papers  apoii  scientific  subjects  have  been  nob- 
lished  by  officers  of  tbe  Masenni  and  other  specialists.  They  aieiv- 
ferred  to  iu  the  bibliography  of  Mnsenm  publications,  constituting  Set 
tion  IT  of  the  separate  report  of  tbe  Assistant  Secretary. 

Asgittanee  to  itudenU, — ^The  usnal  facilities  have  been  granted  to  Bto- 
dents  in  the  various  branches  of  natural  history,  and  several  collectioiu 
have  been  lent  to  specialists  fbr  comparisou  and  study.  Dr.  R.  W.  Shn- 
feldt,  U.  8.  Army,  requested  permission  to  study  bird-skeletons.  Mr. 
Bashford  Dean,  of  the  College  of  the  City  of  New  York,  received  flabes 
for  study ;  a  collection  of  bate  from  tbe  British  Museam  was  fbrnisbed 
toDr.HftiTJBon  Allen,  of  Philadelphia,  for  comparisou  and  study;  a  put 
of  tbe  Museum  collection  of  Coleoptera  was  sent  for  a  similar  purpose  to 
Capt.  T.  h.  Casey,  of  New  York  City.  Several  persons  have  received 
instrnction  in  taxidermy  and  photography. 

Special  reiearchea. — Several  of  the  curators  in  the  Mnsenm  are  pie- 
paring  for  publication  in  tbe  Museum  Report  for  1S90  papers  which  are 
tbe  result  of  special  investigation  and  research.  Among  these  may  be 
mentioned  a  hand-book  of  the  geolo^oal  collections,  by  Mr.  George  P. 
Merrill;  a  descriptive  paper  relating  to  the  collection  of  hnmmiog-birdB 
in  the  Museum,  by  Mr.  Hubert  Ridgway;  papers  relating  to  Japaneee 
religion  and  Japanese  burials,  by  Mr.  Romyn  Hitchcock,  Uther  gen 
tiemen,  not  officially  connected  with  the  Museum,  have  also  prepared 
papers  for  publication  in  the  same  volume. 

The  Mue.eam  Report  each  year  contains  a  namber  of  descriptive 
papers  of  the  kind  alluded  to,  and  the  interest  which  they  have  excited 
among  all  classes  of  people  has  been  very  great.  During  this  year  sev- 
eral hundred  copies  of  papers  of  this  character,  printed  in  the  more  r^ 
cently  published  reports  of  tbe  Museum,  have  been  distributed  freeot 
cost-.  Among  these  may  be  especially  noted  the  "  Hand-Book  and  Cata- 
logue of  the  Building  aod  Ornamental  Stones  iu  the  National  Maseum," 
by  Mr.  George  P.  Merrill,*  and  the  paper  entitled  "Tbe  Extermination 
of  the  American  Bison,"  by  Mr.  William  T.  Hornaday.'t 

•  PriDted  ill  the  report  for  ItWS  aud  aim  aaparately. 
t  Printed  in  tbe  report  for  1667  and  also  tepontely. 
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Miueum  library. — The  nnmber  of  pablicatiODB  added  to  the  Library 
dnriag  the  year  is  12,437,  of  which  1,479  are  volames  of  more  than  100 
pages,  2,250  pamphleta,  8,672  parts  of  regular  aerials,  and  36  cbarU. 
With  the  ezoeption  of  the  chsrta  these  numbers  are  more  than  double 
the  receipts  of  last  year.  The  most  notable  gift  was  a  Dearly  complete 
set  of  Kienei's  '^Iconographie  des  OoqmllesyivaDtes,''illastrated  with 
very  beaatifolly  colored  plates.  This  was  preseoted  by  the  Wagner 
Free  luBtitate  of  Science,  in  Philadelphia. 

Miueum  MeU. — Dnriog  the  year  3,920  forms  of  labels  have  been 
printed  (twenty-fonr  copies  of  each  form)  for  use  in  ooDoectioo  with 
labeline  the  collections  of  ethnology,  geology,  mammals,  comparative 
luiatomy,  porcelains,  oriental  antiquities,  graphic  art«,  foods,  textiles, 
and  materia  medica. 

Meetinga  and  lecturea. — The  ase  ofthe  Lecture  Hall  has  been  granted 
for  lectures  and  meetings  of  scientific  societies,  as  The  Association  of 
American  Agricaltaral  Gollegee  and  Experiment  Stations,  November 
12-lS,  1S89,  ioclosive;  the  American  Historical  Association,  December 
2&^l',  the  American  Institute  of  Mining  Engineers,  February  18,1890; 
Memorial  Meeting  of  the  Academy  of  Sciences,  March  27 ;  the  Geological 
So(»ety  of  America,  April  17;  the  National  Academy  of  Sciences,  April 
15-18,  inciasive;  Meeting  of  the  Committee  on  Arrangements  of  the 
Geological  Congress,  April  IS;  The  National  Geographic  Society,  May  2, 

Hie  coarse  of  Saturday  lectures,  ten  in  number,  beginning  February 
1,  and  ending  April  3,  was  delivered  under  the  direction  of  the  joint 
committee  of  the  scientific  societies  of  Washington.  A  course  of  four 
lectures  relating  to  the  anthropological  exhibits  at  the  Paris  Exposi- 
tion in  1889  was  given  in  May  by  Mr.  Thomas  Wilson,  enrator  of  ar- 
ehieology.  A  lecture,  under  the  auspices  of  the  National  Geographic 
Society,  was  delivered  on  April  11  by  Ensign  J.  B.  Bernadon  on  the 
sabject  of  "  Corea  and  the  Coreans." 

Yititort. — The  nnmber  of  visitors  to  the  Mnsenm  baildiug  during  the 
year  ending  June  30, 1890,  was  274,3^4.  The  number  of  visitors  to  the 
Smithsonian  building  during  the  same  period  was  120,894.  These  fig- 
ores  are  considerably  less  than  daring  1889,  when,  on  account  of  the 
inangnrationof  President  Hamsou,  immense  numbers  of  people  visited 
the  Mnsenm.  On  March  5,  it  may  be  remembered,  more  than  56,000 
People  visited  the  Mnsenm  and  Smithsonian  buildings.  The  total  nnm- 
ber of  visitors  since  1881  to  the  Museum  building  is  2,111,949,  and  to  the 
Smithsonian  building,  970,012. 

Ejctcnaion  of  hours  for  vuiting  the  Muaeum. — On  December  20  a  bill 
*ai  introduced  in  the  House  of  Kepresentatives  by  the  Hon.  W.  H. 
Crain,  having  for  its  object  the  opening  of  the  Smithsonian  and  Museum 
bflildiogs  daring  extra  hours.    Mr.  Grain  also  introduced  a  bill  later  in 
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the  sessioD  to  provide  an  electric  plant  for  liphtiDg  the  buildiaga. 
Neither  of  these  bille  has  been  reported  from  the  commltteeti  to  whieh 
the;  were  referred. 

Mmeum  pertonnel. — Mr.  George  P.  Merrill  has  been  appointed  Corabir 
of  the  Department  of  Geology,  wfajvh  combiDea  the  fanctiooaof  the 
previously  existing  departments  of  Lithology  and  Physical  Geology, 
and  of  Metallurgy.  This  change  in  tbe  administration  of  these  departr 
ments  was  made  upon  the  resignatiou  of  Mr.  Fred  P.  Dewey,  who  for 
several  years  bad  been  in  charge  of  the  metallurgical  collections. 

Mr.  William  G.  Wiulock,of  the  Smithsonian  Institution,  was  appointed 
Honorary  Curator  of  tbe  Section  of  Physical  Apparatus  in  tbe  Natioua! 
Museum. 

Mr.  William  T.  Hornaday,  perhaps  the  first  taxidermist  in  tbe  conn- 
try,  throagli  Lis  extensive  knowledge  of  the  habits  and  natural  atti- 
tudes of  animals,  in  a  very  wide  Ange  of  travel  as  a  field  natu^alilt^ 
has  elevated  the  standard  of  his  art  by  the  fidelity  of  bis  groupings  and 
his  skill  in  tbe  representation  of  life-like  aai)ects  in  tbe  plastic  form. 
He  had  rendered  valuable  service  to  tbe  National  Museum  as  its  chief 
taxidermist,  and  snbseqnently  as  HoDorary  Onrator  of  the  Departiuent 
of  Living  Animals,  which  led  to  his  appointment  as  Actiog  Superint^- 
dent  of  tbe  National  Zoological  Park.  From  this  position  he  resigned 
on  tbe  15tb  of  June  last. 

Dr.  Frank  Baker  was,  in  Jnae,  appointed  Honorary  Gnrator  of  the 
Department  of  Comparative  Anatomy  in  the  Museum,  though  as  it 
has  been  found  necessary  to  assign  Dr.  Baker  to  temporary  doty  as 
Acting  Manager  of  tbe  National  Zoological  Park,  Mr.  F.  W.True  con- 
tinues to  fill  the  pot<itiou  of  actiug  cnrator  of  that  department. 

A  detailed  statemeut  relatiug  to  tbe  work  of  tbe  administrative  offi- 
cers of  the  Museum  will  be  found  in  the  volume  containing  the  report 
of  the  Assiatiuit  Secretary. 

Explorations, — In  conuection  with  tbe  expedition  sent  by  tbe  United 
States  Government  to  the  W£st  Coast  of  Africa  to  take  observations  of 
the  eclipae  of  tbe  sun,  the  National  Museum  obtained  the  privilege  of 
sending  a  nnturallHt  for  tho  purpot^e  ofmakiiig  collections  of  ethnological 
and  zoological  objects.  Mr.  William  Harvey  Brown,  of  the  National 
Museum,  was  detailed  to  accompany  the  expedition.  Early  in  June, 
IS90,  the  first  collections  were  received  as  tbe  result  of  bis  explorations. 
They  included  mammals,  fishes,  insects,  plants,  reptiles,  birds,  shells, 
rocks,  and  ethnological  objects.  Additional  collections  will  donbtlfKs 
soon  be  received;  and  will  be  referred  to  in  the  next  report.  As  an 
outcome  of  Mr.  Brown's  exploration  work,  collections  have  been  re- 
ceived from  Rev.  G.  H.  E.  Fisk,  Mr.  J.  H.  Bra<ly,  Mr.  P.  MacOwan, 
director  of  tbe  Botanical  Garden  at  Cape  Town,  Mr.  Frye,  of  Ca|»e  Town, 
and  others.    Tbe  thanks  of  tbe  Smithsonian  InstittUioo  are  especially 
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doe  to  Beveral  of  the  ofiSccra  and  sailors  of  the  (T.  8.  S.  Pensacola  for 
asBJBtaDc«  rendered  Mr.  Browu  iu  liia  work. 

Dr.  W.  H.  Rash,  U.  S.  Xavy,  lias  kindly  offered  to  collect  mariiie  in- 
rertebrates  during  bis  expedition  to  the  Azores,  Madeira,  and  the  En- 
glish Channel. 

Mr.  J.  P.  Iddiogs,  of  the  IT.  S.  Geological  Survey,  has  expressed  bis 
villiDgness  to  bear  in  mind  the  requests  of  tbe  Mascum  during  bis  ex- 
pediti'>u  to  tbe  volcanic  regions  of  Europe. 

Mr.  E.  M.  Aarou,  of  tbe  American  Entomological  Society,  has  kindly 
oOered  to  be  of  service  to  tbe  Museum  in  collecting  entomological  ma- 
terial during  his  visit  to  Jamaica. 

Mr.  C.  K.  Orcu't,  of  San  Diego,  California,  iias  announced  his  inten- 
ttou  to  visit  the  Colorado  desert  and  theQulf  of  California,  and  to 
allow  the  Museum  to  share  tbe  results  of  bis  expedition. 

Mr.  Heury  W.  Elliott,  formerly  of  the  Aluska  Commercial  Company, 
i»  visiting  the  Seal  Islands  of  Alaskn  on  business  connected  with  tbe 
Coited  States  Government,  and  hopes  to  be  able  to  secure  for  the  Mu- 
iseum  some  tine  specimens  of  walrus,  fur-seal,  fishes,  and  other  zoolog- 
ical maleiial. 

Department  of  living  animah. — Upon  the  passage  of  tbe  bill  placing 
the  National  Zoological  Park  under  tbe  care  of  the  Board  of  Bcgents, 
ihe  department  of  living  animals  of  the  Museum  was  merged  iu  tbe 
new  park  and  the  necessary  transft-rs  were  made  from  the  Museum^ 
rolls.  For  convenience,  therefore,  tbe  report  in  regard  to  the  principal 
accessions  to  this  department  have  been  included  in  the  report  of  tbe 
acting  manager  of  the  Park. 

The  animals  are  retained  for  tbe  present  iu  their  sfaeds  in  the  Smitb- 
soDian  Qronnds  for  the  reason  that  during  the  fitting  up  of  tbe  Park 
tbey  can  there  be  cared  for  at  a  much  less  expense ;  for  instance,  two 
vatchmen  are  now  required  instead  of  twenty  that  would  probably  be 
neede<l  at  tbe  Park,  where  each  group  of  animals  will  be  placed  iu  a 
center  from  wfaicb  to  grow,  a  plan  that  involves  (be  necessity  at  first 
of  spreading  the  collection  over  a  considerable  area. 

The  interest  in  this  small  collection  bas  constantly  increased,  and 
bag  been  manifested  by  numerous  offers  of  valuable  gifts,  most  of  which 
It  hag  been  impossible,  through  lack  of  space  and  immediate  accommoda- 
tions, to  accept. 

H.  His.  120 3 
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NATIONAL  ZOUIX)GIOAL  PARK. 

In  the  early  part  of  tbia  ceutary  a  naturalist  traTeling  in  Sibern 
stood  by  the  mutilated  body  of  a  mammotU  still  uudecayed,  which  tbe 
melting  of  the  frozen  gravtl  had  revealed,  and  to  the  skeleton  of  wfaieh 
large  portions  of  fle^h,  skin,  and  hair  still  cinng.  The  remains  veie 
excavated  and  transported  many  hundred  miles  across  the  frosen 
waste,  and  at  last  reached  the  Imperial  Museum  at  St  Petersburg, 
where,  tbrough  all  these  years,  the  mouuted  skeleton  has  jostly  been 
regarded  as  the  greatest  treasure  of  that  magnificent  collection. 

Scientific  memoirs,  popular  books,  theological  works,  poems— in 
short,  a  whole  literature — has  come  into  exist«nce  with  this  discov- 
ery as  its  text.  No  other  event  iu  all  the  history  of  such  snbjecu  has 
excited  a  greater  or  more  permanent  interest  outside  of  purely  scien. 
tific  circles ;  for  the  resurrection  of  this  relic  of  a  geologie  time  in  a 
conditioD  analogous  to  that  iu  which  the  bodies  of  conteniporaneona 
animals  are  daily  seen  brings  home  to  the  mind  of  the  least  eurioas 
observer  the  reality  of  a  long  extinct  race  with  a  vividness  which  do 
fossils  or  petrifactions  of  the  ordinary  sort  cau  possibly  equal. 

Now,  I  am  assured  by  most  competent  naturalists  that  few,  if  auy, 
of  those  not  particularly  devoted  to  the  study  of  American  auiuials 
realize  that  changes  have  already  occurred  or  areon  the  point  of  taking 
place  in  our  own  characteristic  fauna  compared  with  which  the  disap- 
pearance from  it  of  the  mammoth  was  insignificant.  That  animal  was 
common  to  all  northern  lands  iu  its  day.  The  practical  domestication 
of  tbe  elephant  gives  to  every  one  the  opportunity  of  observing  a 
gigantic  creature  closely  allied  to  the  mammoth,  and  from  which  be  may 
gain  an  approximately  correct  idea  of  it.  But  no  such  example  is  at 
hand  inthe  case  of  the  bison,  the  prong-horn  antelo[>e,  the  elk,  the  Rocky 
Mountain  goat,  and  many  more  of  oar  vanishing  races. 

The  student  of  even  the  most  modern  text-books  learns  that  the 
characteristic  larger  animals  of  tbe  United  States  are  those  just  men- 
tioned, with  the  moose,  the  grizzly  bear,  tbe  beaver,  and  if  we  include 
marine  forms  and  arctic  American  animals  wo  may  add  the  iiortbeni 
far-seal,  the  Pacific  walrus,  the  Califomian  sea-elephant,  the  manatee, 
and  still  others. 

With  one  or  two  exceptions  out  of  this  long  list,  men  now  living  can 
remember  when  each  of  these  animals  was  reasonably  abundant  within 
its  natural  territory.  It  is  within  the  bounds  of  moderation  to  affirm 
that  unless  Oongress  places  some  check  on  the  present  rate  of  destrnc- 
tiou  there  are  men  now  living  who  will  see  the  time  when  the  animals 
enumerated  will  be  practically  extinct,  or  exterminated  within  the  lim- 
its of  the  United  States.  Already  the  census  of  some  of  tbem  can  be 
expressed  in  three  figures. 

Tbe  fate  of  the  bison,  or  American  buffalo,  is  typical  of  them  all. 
«  Whether  we  consider  this  noble  animal,"  says  Audubon,  '*  as  an  ob- 
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ject  of  the  cbase  or  as  an  article  of  food  for  man,  it  is  decidedly  tlie 
most  important  of  all  oar  American  contemporary  quadmpeds." 

At  the  middle  of  the  last  eentary  Ibis  animal  psstnred  iu  Pennsylva- 
nia and  Virginia,  and  even  at  the  close  ot  the  centnry  ranged  over  the 
Thole  Mississippi  Valley  and  farther  west  wherever  pasturage  was  to 
be  foond.  At  the  present  time  a  few  bnudrud  snrrivors  represent  the 
millions  of  the  last  centnry,  and  we  should  not  have  even  these  few 
hundred  within  oar  territory  had  it  not  been  for  the  wise  action  of 
Congress  in  providing  for  them  a  safe  home  iu  the  Yellowstone  Park. 

Now,  for  several  reasons  it  has  been  comparatively  easy  to  trace  the 
decline  of  the  buffalo  population.  The  size  of  the  animal,  its  prefer- 
ence for  open  country,  the  sportsman's  interest  in  it,  and  its  relations 
to  the  food-supply  of  the  Western  Indiana,  all  led  to  the  observation 
and  record  of  changes ;  and  accordingly  I  have  made  special  mention 
of  this  animal  iu  representing  the  advantages  of  a  national  zoological 
park  where  it  might  be  preserved ;  but  this  is  by  no  means  the  only 
characteristic  creature  now  threatened  with  speedy  extinction. 

The  moose  is  known  to  be  at  the  present  time  a  rare  animal  iu  the 
United  States,  but  is  in  less  immediate  danger  thau  some  others.  The 
elk  is  vigorously  bunted  and  is  no  longer  easily  obtained,  even  in  its 
most  favored  haunts.  The  grizzly  bear  is  believed  to  be  rapidly  ap- 
proaching extinction  outside  of  the  Yellowstone  Park,  where,  owing 
to  the  assiduous  care  of  those  in  charge,  both  it  and  the  elk  are  still 
preserved.  The  mountain  sheep  and  goat,  which  inhabit  less  accessi- 
ble regions,  are  becoming  more  and  more  rare,  while  the  beaver  has 
retreated  from  a  vast  former  area  to  snch  secluded  haunts  that  it  may 
poRsibly  survive  longer  thau  the  other  species  which  I  have  just  enu- 
merated, and  which  are  but  a  portion  of  those  in  imminent  danger  of 
eztinctioD. 

Among  the  marine  forms  the  manatee  still  exists,  but,  although  not 
exterminated,  it  is  in  immediate  danger  of  becomimg  so,  like  the  Cali- 
fomian  sea-elephant,  a  gigantic  creature,  often  of  greater  bulk  than  the 
elephant,  which  has  saffered  the  fate  of  complete  extinction  within  a 
few  past  years;  at  least  it  is  uncertain  whether  a  single  individual 
actoally  survives.  The  Pacific  walrus,  upon  which  a  large  native  popu- 
lation has  always  in  great  part  depended  for  food  and  hides,  is  rapidly 
following  the  seaelephant,  and  so  on  with  other  species. 

This  appalling  destruction  is  not  condned  to  mammals.  Disregard 
ing  the  birds  of  song  and  plumage,  to  which  the  fashions  of  the  mllli. 
ner  have  brought  disaster,  nearly  all  the  larger  and  more  characteristic 
Americau  birds  have  suffered  in  the  same  way  as  their  four-footed  con- 
temporaries. The  fate  of  the  great  Auk  is  familiar  to  all  naturalists ; 
hot  it  is  not  so  well  known  that  the  great  Oalifornian  ^altnre  and  sev- 
eral of  the  beautiful  sea-fowl  of  our  coasts  have  met  tb  j  same  fate,  and 
tbat  the  wild  pigeon,  whose  astonishing  flocks  were  dwelt  upon  by  Au- 
dabon  and  others  in  snch  remarkable  descriptions  and  which  were  long 
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tliewonderofAiDericau  travelers,  with  the  less  known,  bat magniflceDt 
iTory-billed  woodpecker,  and  the  pretty  Oftrolina  parrakeet,  have  all 
become,  if  not  extinct,  among  the  rarest  of  birds. 

Apart  from  the  commeroial  valae  of  its  skins,  the  lax  npou  wbich 
haa  paid  for  the  cost  of  oar  vast  Alaskan  territory,  the  Hingular  habits 
and  teeming  millions  of  the  northern  fur-seal  have  excited  general  in- 
terest even  among  those  who  are  not  interested  in  natoral  history.  In 
1849  these  animals  abounded  from  Lower  California  to  the  londy 
Alaskan  Isles,  and  it  has  been  snpposed  that  the  precautions  taken  by 
the  Government  for  their  protection  on  the  breeding-grounds  of  tbe 
Pribilov  Islands  woald  preserve  permanently  the  still  considerable 
remnant  which  existed  afterthepnrcbaseof  Alaskaand  tbedeetrnctioD 
at  tbe  soathero  rookeries.  But  it  is  becoming  too  evident  that  tbe 
greed  of  the  hunters  and  the  devastation  cansed  by  the  general  adop- 
tion of  the  method  of  pursuing  them  in  the  open  sea,  destroying  indis- 
criminately mothers  and  ofispriog,  is  going  to  bring  these  hopes  to 
nanght. 

For  most  of  these  animals,  therefore,  it  may  be  regarded  as  certain 
that,  aniess  some  smal  1  remnant  be  preserved  iu  a  semi-domesticated 
state,  a  few  years  will  bring  ntter  extinction.  The  American  of  tbe 
next  generation,  when  questioned  about  the  animals  once  characteristic 
of  bis  country,  will  then  be  forced  to  confess  that  with  the  exception  of 
a  few  insignificant  creatures,  ranking  as  vermin,  this  broad  continent 
possesses  none  of  those  species  which  once  covered  it,  since  the  present 
generation  will  have  completed  the  destmction  of  them  all. 

The  Yellowstone  Park  is  doing  excellent  work  under  the  present 
management,  and  too  mncb  can  not  be  said  in  praise  of  the  action 
which  bas  given  it  to  the  conntry.  It  is,  however,  also  desirable  and 
necessary  that,  if  these  vanishing  forms  are  to  be  preserved,  there 
should  be  some  zoological  preserve  or  garden  nearer  the  Capital,  where 
representatives  of  all  these  races,  not  only  of  the  land,  bat  of  the  water 
also,  may  be  preserved  nnder  the  care  of  those  permahently  interested 
iu  their  protection,  in  tbe  charge,  that  is,  of  men  who  not  only  have 
special  professional  knowledge  of  their  habits  and  needs,  bat  who  maf 
be  considered  as  having  an  unselfish  interest  in  looking  to  their  preser- 
vation, and  who  may  act  aa  scientific  advisers,  whenever  snoh  advice 
is  deemed  desirable  by  Congress  or  by  the  beads  of  Departments. 

Is  it  realized  that  nearly  all  tbe  principal  animals  indigenous  to  tbe 
United  States  are  either  substantially  extinct  or  in  danger  of  becom- 
ing so  and  is  it  sufficiently  realized  that,  once  extinct,  no  expenditnre 
of  treasure  can  restore  what  can  even  to-day  be  preserved  by  promitC 
actaoo  of  a  very  simple  and  definite  kiud  1 

It  is  such  cousideratious  as  these  that  have  induced  me  to  ask  tbe 
earnest  attention  of  the  Regents,  of  Congress,  and  of  the  conntry  to  tbe 
immediate  necessity  for  action.  The  trnst  is  unquestionably  for  the  ad- 
vancement of  science  as  well  as  for  the  instruction  and  recreation  of 
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tlie  people,  and  thus  becomes  a  fittiog  object  for  the  care  of  the  Smith- 
Bonian  iDstitatioii. 

In  my  Report  for  last  year  tbe  preliminary  steps  for  the  establish- 
ment  of  a  Zoological  Park  in  the  District  of  Colombia  were  detailed. 
Tbe  District  of  Golnmbia  bill,  which  received  the  approval  of  the  Presi- 
dent on  March  2, 1389,  contained  an  appropriation  of  (200,000  for  the 
purchase  of  tbe  land  and  established  a  Commission,  composeal  of  tlie 
Secretary  of  the  laterior,  the  President  of  the  Board  of  Commissioners 
of  the  District  of  Colombia,  and  tbe  Secretary  of  the  Smithsonian  In- 
stitution, for  tbe  parpoee  of  seIectiD[f  and  acquiring  a  soitabte  site  apon 
Bock  Creek. 

The  utmost  care  was  exercised  to  keep  witfain  the  limitsof  this  appro- 
priation, and  the  Commission  is  even  able  to  turn  into  the  Treasar;  a 
small  balance  npon  the  completion  of  its  work.  To  accomplish  this, 
hoirever,  it  was  necessary  to  leave  ont  a  strip  of  land  of  about  8  acres 
ou  tlie  east  side  of  the  creek,  which  it  seemed  to  tlie  Commission  very 
desirable  to  secure,  and  I  venture  to  express  the  hope  that  Congress 
will  see  fit  to  make  special  provision  for  the  purchase  of  the  property  at 
an  early  day. 

From  a  commercial  point  of  view  the  enterprise  has  already  proved 
a  most  snccesefnl  one,  the  land  having  risen  in  value  since  its  ooudeai- 
uatioQ  from  200  to  300  percent. 

At  the  beginning  of  the  fiscal  year  tbe  ground  bad  yet  to  be  acquired. 
A  careful  consideration  of  tbe  property  in  tbe  ueigbborhood  of  Bock 
Creek,  described  in  the  act  of  March  2, 1889,  had  been  made  and  an 
area  of  166.48  acres  seleicted.*  The  difficulty  of  establishing  the  boond- 
aries  of  certain  tracts  described  in  tbeolder  deedscauseilalongdelay, 
but  the  snrvey  waa  finally  completed  on  the  2t8t  of  November,  1889. 

'Tbe  rollowbg  list  sbows  tb«  tracts  in  iletail  sod  the  amonnt  eventDally  to  b« 
paid  far  f>ch  : 

Land  for  t\e  National  Zoological  Pari. 


OWMT. 

ACTM. 

H.MO 
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.M2 
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.HB 
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*M,M>.00 
li.tM.00 

M,  000.00 
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170.78 
l«,gM.tt 
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1,807.00 
l,37t.»0 
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TTooglc" 
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A  map  of  the  park,  sbowiog  the  location  and  qnantity  of  eacb  lot^ 
-was  filed  in  tbe  public  records  of  the  District  of  Columbia.  On  eiam 
JDatJon  of  the  list  it  will  be  seeu  that  for  131.14  acrea  au  agreement 
was  effected  with  the  owners  as  to  the  sum  to  be  paid.  For  34.49 
acres  do  such  agreement  could  be  made,  and  the  GotumiBSion  therefoie 
took  the  conrse  prescribed  by  the  act  of  March  2, 1889,  for  this  con- 
tingeocy,  and  petitioned  the  Supreme  Goart  of  the  District  to  afeest 
the  value  of  the  land.  This  was  done  by  three  appraisers  appointed 
by  tbo  Oonrt,  and  the  finding  of  the  appraisers  was  approved  by  tbe 
Presidentof  tbeFnited  States.  At  the  cloeeof  theyear  title  deeds  bad 
already  passed  for  tbe  greater  portion  of  tbe  property. 
The  site  thnaselected  is,  it  is  believed,  admirably  suited  for  the  porpoae 
for  which  it  is  designed.  Situated  at  a  convenient  distance  from  tbe 
city  in  a  region  of  remarkable  natural  beauty,  it  has  a  nnrface  of  great 
variety,  offering  unusual  advantages  of  varied  exposnre  for  animals  re- 
quiring different  treatment.  While  some  [wrtions  stil)  retain  tiieorigi- 
nal  forest,  others  are  cleared  or  covered  by  a  dense  second  growtb  of 
pine,  excellent  for  cover  and  prodacing  conditions  similar  to  thoeeof 
the  natural  hannts  of  many  of  the  auimals  it  is  proposed  to  preserve. 
An  abundant  supply  of  water  is  famished  lo  the  lower  portions  by  Bock 
Creek,  a  small  perennial  stream  that  during  ftesbets  swells  toconud- 
arable  size,  and  at  intervals  of  years,  to  rare  but  destructive  floods. 
A  number  of  small  runlets  or  '*  branches  "  fall  into  the  creek  giriogftn 
effective  drainage  to  all  parte  of  the  park.  The  system  of  water  wa;s 
has  for  tbe  most  part  been  cut  by  erosion,  so  that  the  hill-sides  and 
TalleysoBuallypresentsmoothironnded  slopes,  practicable  for  roads  and 
walks ;  yet  this  is  agreeably  varied  at  several  places  by  nn  oatcroppiDC 
of  the  underlying  rock,  giving  a  somewhat  bolder  character. 

In  the  Appendix  will  be  found  a  map  sfaowing  the  situation  of  the 
Zoological  Park  with  reference  to  the  city  of  Washington,  and  follow- 
ing  it  a  second  map  giving,  on  a  somewhat  larger  scale,  tbe  ontJioe  o( 
the  park  and  its  principal  topographical  features. 

Having  obtained  the  site  it  became  necessary  to  procure  means  for 
the  organization  and  maintenance  of  the  park.  The  Commission  se- 
cordiugly,  under  dato  of  January  16, 189l>,  addressed  n  letter  to  Con- 
gress, concluding  with  tbe  following  words; 

Before  tbe  expiration  of  tbe  present  fiscal  year  the  Zoological  Park 
Commission  will  have  completed  tbe  duties  with  which  it  was  charged 
by  the  act  of  Congress  which  called  it  into  existence,  and  tbetitJelo' 
tbe  lands  it  has  purchased  will  be  vested  in  the  United  States.  Fend- 
ing tbe  completion  of  the  eoudemnation  proceedings  now  in  progress, 
and  the  submission  of  a  final  report,  it  is  extremely  desirable  that  Con- 
gress sbould  enact  further  legislation  iu  regard  to  tbe  park.  The  Com- 
mission bns  no  autliority  to  put  up  fences  and  lay  ont  roads  or  gronnds, 
or  to  erect  buildings,  nor  is  it  even  certain  that  it  has  the  right  to&C' 
cept  donations.  Tbe  park  is  declared  by  Congress  to  be  "  for  the  ad- 
vancement of  science  and  the  instruction  and  recreation  of  tbe  people.* 
In  tbe  construction  of  ponds  and  lakes,  and  the  erection  of  inclosnreB 


REPORT  OF  THE  6ECEETA.RT.  39 

and  bnildings  for  tbe  parposes  of  zoological  science,  a  stage  will  sooo 
be  reached  wbere  scientiflc  direction  seems  obviously  desirable;  audit 
is  respectfalty  represented  to  Congress  that  any  means  for  laying  ont 
aud  improving  the  grontids  can  be  most  advautageoasly  used  in  view 
of  the  purpose  of  ik>ngre8s  as  to  tbe  nltimate  dispositiou  of  the  park 
DOW  when  the  foandationa  of  its  future  usefulness  are  being  laid.    If 
the  rery  considerable  collection  of  living  animals  now  in  tbe  custody  of 
Ibu  Smithsonian  Institution  is  to  form  the  nucleus  of  the  zoological  park 
collection  its  transfer  should  be  effected  by  legislative  enactment  and 
snitable  measures  taken  for  its  maintenance.    The  Commission  is  of  tbe 
opinion  that  the  collection  referred  to  ehonld,  with  the  consent  of  tbe 
Itegenta  of  tbe  Institution,  be  transferred  to  the  Zoological  Park  as  soon 
aspoflsible  after  the  Government  takes  full  possession  of  the  site. 
John  W.  NonLE, 
Secretary  of  (A«  Interior, 
J.  W.  Dovai^sa, 
Preat.  Board  Com.  Dia.  Col., 
S.  P.  Lanqlbt, 
Secretary  Smithsonian  In»titution, 
Committioners  for  the  establishment  of  a  Zoological 

Park  in  ths  District  of  Columbia. 

After  thorough  couaideration  the  following  act  was  passed  placing 
tbe  park  under  the  direction  of  tbe  Begents  of  the  Smithsouiau  Iiistita- 
tion,  and  transfBrring  to  it  the  collection  formerly  under  the  charge  of 
the  United  States  National  Museum : 


Be  it  enacted  Ity  the  Senate  and  House  of  Representatives  of  the  United 
8tate$  of  America  in  Congress  ataembied.  That  the  one-half  of  the  fol- 
lowing sums  named,  respectively,  is  hereby  appropriated  out  of  any 
money  in  tbe  Treasury  not  otherwise  appropriated,  and  the  other  half 
ont  of  the  revenues  of  the  District  of  Colombia,  for  tbe  organization, 
improvement,  and  maintenance  of  the  National  Zoological  Park,  to  be 
expended  under  the  direction  of  the  liegents  of  tbe  Suiitbaouian  Insti- 
toUoD,  and  to  be  drawn  on  their  requisition  and  disbursed  by  the  dis- 
bursiug  officer  for  said  Institution: 

For  the  shelter  of  animals,  fifteen  thousand  dollars. 

For  sbelter-baros,  cages,  fences,  and  inctosnres,  and  other  provisions 
for  the  custody  of  animals,  nine  thousand  dollars. 

For  repairs  to  tbe  Holt  mansion,  to  make  the  same  suitable  for  occu- 
pancy, and  for  ofiice  furniture,  two  thousand  dollars. 

For  the  creation  of  artificial  ponds  and  other  provisions  for  aqaatio 
animals,  two  thousaud  dollars. 

For  water  sufiply,  sewerage,  and  drainage,  seven  thousand  dollars. 

For  roads,  walks,  and  bridges,  fifteen  thousand  dollars. 

For  miscellaneous  supplies,  materials,  and  sundry  incidental  espen- 
ses  not  otherwise  provided  tor,  Ave  thousand  dollars. 

For  current  espensea,  including  the  maintenance  of  collections,  food 
BiipplieH,  salaries  of  all  necessary  employees,  and  the  acquisition  and 
(nnsportation  of  specimens,  thirty-seven  thousand  dollars. 

Sec.  2.  That  the  National  Zoological  Park  is  hereby  placed  under  tbe 
^irectionsof  the  Begents  of  tbe  Smithsonian  Institution,  who  areautbor- 
iied  to  transfer  to  it  any  living  specimen,  whether  of  animals  or  plants, 
now  or  hereafter  in  their  charge,  to  accept  gifts  for  the  park  at  their 
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discretion,  in  tbe  name  of  the  United  States,  to  make  exchangee  ot 
specimens,  and  to  administer  tlie  said  Zoological  Park  for  tbe  advance- 
ment of  science  aud  tbe  instraction  and  recreation  of  tlie  people. 

Sec.  3.  That  tbe  heads  of  Executive  Departments  of  the  Government 
are  hereby  aatborized  aud  directed  to  cituse  to  be  rendered  all  neces- 
fiary  aud  practicable  aid  to  tbe  said  Regents  in  the  acquisition  of  col- 
lectionB  for  the  Zoological  Park. 

Approved,  April  3U,  1890. 

As  it  seemed  desirable  to  have  at  once  expert  advice  on  tbe  snbject 
of  laying  out  and  improving  (be  park,  Mr.  Frederick  Law  Olmsted,  > 
distinguished  landscape  gardener,  was  requested  to  make  a  preliminar; 
inspection  of  the  ground  and  to  express  au  opinion  as  to  what,  under 
the  conditions  imposed  by  tbe  primary  objects  of  the  law,  wonld  be 
the  best  geueral  disposition  to  make  of  it.  It  soon  became  evident  that 
a  further  survey  was  necessary  in  order  to  fix  the  boundaries  of  tbe 
maximum  rise  to  be  expected  from  Bock  Greek.  This  stream,  ordina- 
rily small,  drains  a  watershed  having  an  area  of  some  83  square  miles, 
with  a  slope  so  considerable  that  after  copious  raius  tbe  water  rapidlf 
rises  far  beyond  its  usual  limits  and  becomes  destructive  to  any  build- 
ings or  other  fixtures  8itoat«d  along  its  coarse.  A  remarkable  innnda- 
tion  of  this  character  occurred  in  June,  1889,  tbe  extent  of  which  was 
noted  at  several  points  along  the  creek.  It  would  be  evidently  tin- 
practicable  to  |>lace  any  bnildings  of  importance  within  tbe  area  sub- 
ject to  these  heavy  floods,  aod  tbe  suitable  locations  and  plans  for  the 
bridges  to  be  constructed  could  not  be  prepared  until  their  height  and 
span  were  determined  with  reference  to  the  maximnm  rise  of  water. 
Tbe  survey  of  the  creek  was  not  completed  at  the  close  of  the  year,  bnt 
it  has  since  been  finished  as  shown  in  the  map  previously  referred  to. 

Having  once  secured  the  picturesque  features  of  the  land  from  oblit 
eration  by  tbe  rapid  eucroachmeut  of  the  city,  it  has  been  the  {Hilicy  to 
proceed  slowly  with  improvements  and  to  ntilize  tbe  natural  advantages 
of  tbe  location,  interfering  as  little  as  possible  with  its  original  aspects. 
Even  with  these  economical  principles  tbe  cost  of  converting  the  tract  . 
to  tbe  uses  of  a  park  is  far  beyond  what  would  ordinarily  be  imagined, 
for  it  should  be  remembered  thnt  tbe  cost  of  improving  Central  IHirk, 
Kew  York,  has  already  been  not  less  than  tl4,0UO  per  acre,  and  that  of 
Prospect  Park,  Brooklyn  (9,000  per  acre,  while  that  of  tbe  large  Frank- 
lin Park,  Boston,  is  estimated  at  $2,900  per  acre. 

In  foUowiug  this  policy  and  keeping  within  the  limits  of  tbe  appro- 
priations, no  immediate  provision  has  been  made  for  the  considerable 
expense  involved  in  opening  at  once  to  the  public  tbe  entire  area  of  16G 
acres.  The  complete  establishment  of  the  park  in  a  manner  bebtting 
its  national  character  will  be  a  work  of  considerable  time,  and  for  tlie 
present  it  has  been  deemed  advisable  to  set  aside  nearly  40  acres,  se- 
lected on  account  of  accessibility  aud  moderate  elevation,  as  well  as  on 
account  of  its  being  adapted  to  the  purposes  of  the  park  witboatgre^' 
expense,  while  a  further  tract  of  some  IS  acres  will  be  so  arranged  that 
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it  can  be  opened  to  the  public,  tbongh  it  may  not  faave  a  strictly  park- 
like  cnUivatioB.  TUere  will  thus  be  free  to  the  public,  it  is  hoped  by 
neit  year,  between  00  and  60  acres,  an  area  larger  tban  tbat  of  tbe 
Zoological  Gardens  in  the  Begents  Park  of  London,  or  tbe  Jardio  des 
Plaotes  of  Paris. 

A  distinct  area  of  some  10  or  16  acres  will  be  reserved  in  nnotber 
portion  of  the  park  tor  administrative  and  other  purposes  requiring 
seclnsion,  and  will  coulain  a  lodge  for  tbe  resident  superintendent, 
offices,  stable,  infirmary  for  animals,  and  a  proposed  laboratory. 

It  tiliould  be  remembered  tbat  a  most  important  feature  of  this  under- 
takiug  is  that  it  is  not  only  a  place  for  pablic  resort  and  amuBemeut, 
bat  it  is  also  intended  to  furnish  secluded  places  for  tbe  breeding  and 
restoration  of  the  various  animals  indigenous  to  this  country. 

At  London  and  Paris  tbe  zoological  gardens  are  cbiefly  for  tbe 
amusement  of  the  people  by  the  exhibition  of  ouriona  and  foreign  ani- 
mal!), and  for  the  benefit  of  tbe  naturalist ;  our  paramount  interest  is  to 
preserve  (he  indigenooa  nniinals,  and  then  to  provide,  in  tbe  words  of 
Uie  act,  for  the  instruction  and  amusement  of  the  people. 

Thoogb  anticipating  tbe  report  for  the  coming  year  it  does  not  seem 
tut  of  place  in  the  present  connection  to  allude  to  the  fact  that  the  Seo- 
retarj',  in  his  private  capacily,  has  bef  u  appointed  by  the  Presidentoue 
of  the  commissioners  of  the  more  extensive  national  park  upon  Bock 
Creek,  contiguous  to  tbe  Zoological  Park,  a  charge  wbicb  he  has 
accepted  with  some  reluctance  on  account  of  the  pressure  of  present 
oflicial  duties,  bat  with  a  feeling  that  by  reason  of  tbe  necessary  inti- 
mate connection  between  the  two  national  parks  the  public  interests 
will  be  subserved  by  this  action. 

1  can  not  close  the  report  iu  relation  to  this  new  undertaking  of  the 
logtitntion  without  reference  to  the  loss  we  have  sustained  in  the  death 
of  Senator  Beck,  who,  Ihongh  not  npon  tbe  Board  of  Regents,  took  a 
lively  interest  iu  tbe  Institution,  and  a  special  interest  in  establishing 
nnd  placing  under  its  care  tbepreservationof  the  natural  scenery  in  tbe 
neigtfborhood  of  the  Capital. 

I  regret,  also,  to  report  tbat  near  the  close  of  the  year,  the  Institution 
was  reluctantly  obliged  to  accept  the  resignation  of  M  r.  W.  T.  Hornaday, 
caratorof  living  animals  in  the  National  Museum,  who,  having  been  as- 
ngiietl  to  theduty  of  superintendent  of  the  |mrk  under  the  Commission, 
it  was  hoped  would  be  able  to  accept  the  i>osition  of  superintendent  of 
tbe  park  npon  its  transfer  to  the  Board  of  Regents.  His  efforts  assisted 
tbe  Commission  greatly  in  the  selection  of  the  land,  and  did  much  to 
iDBore  tbe  anccess  of  the  measure  l>efore  Congress- 

Dr.  Prank  Baker  honorary  curator  of  the  Department  of  Comparative 
Anatomy  in  the  Museum,  was  appointed  on  Jnnel,  1890,  acting  mana- 
ger of  the  Zoological  Park. 
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BUREAU  OP  ETHNOLOGY. 

Ethnologic  researches  among  the  Kortb  American  Indians  were  eoo- 
tiDued  by  the  SmfthsouiaD  iDstitntioo,  in  compliance  with  acts  of  Cod- 
gress,  during  the  year  I889-'90,  aoder  the  direction  of  Maj.  J.  W.  Pov- 
ell,  Director  of  the  U.  S.  Geological  Sorvey. 

The  work  of  the  Bureau  of  Ethnology  dnring  the  year  has  proceeded 
along  accustomed  lines.  luveetigations  iu  relation  to  the  Sign  Lan- 
guage and  Pictography  of  the  American  Indian,  preliminary  reports  d 
vhich  subjects  have  appeared  in  annual  reports  of  the  Buieao, 
have  been  discontinued  and  the  final  results  of  this  study  will  soon 
appear.  Investigations  of  the  Monuds  of  the  eastern  United  States 
have  also  been  practically  brought  to  an  end  and  the  final  discussion 
of  the  subject  will  speedily  be  published. 

The  archseologio  researches  which  have  been  inaugurated  in  the  vion- 
ity  of  Washington  have  already  been  fruitful  of  results  of  more  thao 
local  interest.  Excavations  into  the  quarry  sites  and  workshops  of ' 
the  district  have  shown  that  the  class  of  archfeologic  objecu  from  this 
vicinity,  which  have  hitherto  been  assumed  to  be  palieolitbic  »id  to 
represent  the  rude  implements  of  primitive  man,  are  in  feet  Dotfaiog 
but  the  "rejects"  of  much  more  recent  times;  and  that  however  far 
back  in  point  of  time  some  of  them  may  date,  they  are  not  separable 
from  the  rejects  of  the  historic  Indian. 

As  usual,  considerable  attention  has  been  paid  to  the  collection  of 
liognistio  material,  both  because  it  is  thought  that  languages  form  the 
(Mily  safe  basis  for  classifying  peoples,  and  because  no  material  relating 
to  onr  Indians  is  vanishing  with  such  rapidity.  The  latter  reason  has 
also  impelled  the  collection  of  Indian  mythology.  Myths  are  hardly 
more  enduring  than  the  languages  in  which  they  are  preserved.  Thongh 
they  may  persist  to  some  extent  after  a  language  decays  and  falls  into 
partial  disuse,  it  is  only  in  a  degraded  and  emasculated  form  that  de- 
prives tliem  of  their  chief  value,  as  embodying  the  religions  ideas  and 
the  philosophy  of  primitive  peoples. 

The  medicine  practices  of  the  Indian  have  also  received  much  atten- 
tion and  a  large  number  of  the  plants  used  in  the  Indian  Materia 
Medica  have  been  collected,  preserved,  and  their  ludian  and  botaaical 
names  obtained.  In  addition,  the  formulas  and  secret  practices  atteud- 
ing  their  use  have  been  carefully  recorded.  As  was  to  I>e  expected,  it 
has  been  found  that  so  intimately  interwoven  are  the  Indiui  systems 
of  religi(p  and  medicine  that  it  is  practically  impossible  to  say  where 
the  one  ends  and  the  other  begins,  it  has  also  been  demonstrated  tbat 
contrary  to  popular  belief,  the  chief  and  almost  sole  efbcaoy  possessed 
by  so-called  Indian  medicine  lies,  not  in  the  inherent  virtue  of  the 
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pUnta  oseil,  bat  in  the  mystic  properties  imparted  to  them  by  the  sor- 
cerers or  professional  "Mediciue  men," 

Daring  tbe  year  one  of  the  Bureau  assistants  visited  Casa  Qrande, 
in  Arisonaf  vith  a  view  to  determiuiug  the  best  method  to  gire  effect 
to  tbe  act  passed  by  Oougress  for  preserving  the  ancient  rain.  The 
pKAervatioD  from  the  hand  of  the  vandal  and  the  effects  of  time  and 
eipoaure  of  the  more  important  Indian  mounds  and  ruins  which  are 
sitaat«d  within  the  uatioual  domain,  is  one  that  may  well  receive  at- 
tention. The  land  apon  which  many  of  them  are  situated  is  of  little 
value  for  economic  purposes,  and  tbe  comparatively  small  outlay  re- 
qoired  for  their  restoration,  when  each  is  necessary,  and  for  their  pres- 
ervation, is  small  when  contrasted  with  their  historical  and  arohfeologi- 
cal  value  and  their  popular  interest. 

Ko  phase  of  tribal  life  and  society  presents  a  more  curions  and  iuter- 
«^tiDg  study  than  that  exhibited  by  the  Pueblo  Indians,  who,  in  many 
Kspects,  were  far  in  advance  of  less  sedentary  tribes.  Study  of  one  of 
(bem,  Sia,  was  begun  during  the  year,  and  other  Pneblos  will  be  visited 
aod  stndied  in  succession. 

Farther  details  respecting  the  work  of  the  Bureau  will  be  found  in 
tlie  report  of  its  director,  Major  J.  W.  Powell,  given  in  full  in  Appen- 
dix 1. 

NECROLOGY. 

SAMtTEL  SULLITAJf  OOZ. 

I  am  called  upon  to  record  here  tlic  death  of  one  of  the  most  public- 
spirited  and  versatile  members  of  Congress  that  have  served  ujion  the 
Board'  of  Regents,  the  Hon.  Samuel  Sullivan  Cox,  a  member  of  the 
Honse  of  Representatives,  who  was  born  at  Zanesville,  Ohio,  Septem- 
WSO,  1824,  and  first  elected  aRegenton  December  19, 1861.  Hedied 
at  his  home  in  New  York  on  the  lOth  of  September,  18S9. 

At  a  meeting  of  the  Board,  held  on  the  8th  of  January,  1890,  a  com- 
mittee was  ap|>ointed  to  prepare  resolutions  on  the  services  and  char- 
acter of  Mr.  Cox,  consisting  of  the  Secretary,  Hon.  Joseph  Wheeler, 
Dr.  Welling,  and  Hon.  Mr.  Lodge,  and  they  subsequently  reported  ae 
follows: 
To  tke  Board  of  RegenU : 

Yoar  committee  report  that  the  Hon.  8.  S.  Cox  was  first  appointed  a 
Kegent  of  tbe  Smithsonian  Institution  December  19,  1861,  and  that  he 
filled  that  office,  except  t<or  intervals  caused  by  public  duties,  to  the 
lime  of  his  death. 

Whilehewaa  not  aregular  attendant  at  all  the  meetings  of  the  Board, 
lievaa  ever  ready  to  advance  tbe  interests  of  the  Institution  and  of 
^ience,  either  as  a  Regent  or  as  a  member  of  Congress;  and  although 
*<ich  men  as  Hamliu,  Fessendeu,  Colfax,  Chase,  Oarfiold,  Sherman, 
•^ray,  and  Waite,  in  a  list  comprising  Preaidents,  Vice- Presidents, 
Chief-JasticeB,  and  Senators  of  the  United  States,  were  bis  associates. 
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there  were  uone  whose  Bervioe  was  longer  or  more  gratefully  to  be  re- 
membeied,  Qor  perhaps  auy  to  whom  Uie  Inatitatioa  owea  more  tbim 
to  Mr.  Ooz. 

The  legard  in  which  bis  brother  Begciits  faeltl  Mr.  Cox's  acciiracj'of 
characterization  miil  iiis  instinctive  reoogiiition  of  all  that  is  wortbiest 
of  honor  iu  ot  her  men  may  be  inferred  from  tbe  enlogies  which  he  was 
reqaeeted  by  tbem  to  deliver  among  which  may  be  partienlarly  meo- 
tioned  the  one  at  the  commemoration  iu  honor  of  i'rofesftor  Heoty  iu 
the  Honse  of  Kepreaentativ(>s.  But  thongh  these  only  illustrate  a  tttt 
small  part  of  his  services  as  a  Regent,  your  committee  are  led  by  tbeir 
coufiidrration  to  recall  that  his  first  act  ujwn  yonr  Board  was  tbe  prep- 
aration and  delivery  of  an  address  at  the  request  of  the  Kegeutsontlitir 
late  colleague,  Stephen  A.  Douglas,  and  that  oo  this  occasioD  be  oseil 
words  which  your  committee  permit  themselves  to  adopt,  as  beiDgia 
their  view  singnlnrly  characteristic  of  Mr.  Cos.  himself: 

<'  It  was  not  merely  as  one  of  its  Begeuts  that  be  showed  faifneelftbe 
trae  and  enlightened  friend  of  objects  kindred  to  those  of  this  estab- 
lisbiuerit;  be  ever  advocated  measures  which  served  to  ndvance  knowl- 
edge and  promote  the  progress  of  humanity.  The  euouragement  of 
the  fine  nrts,  the  rewarding  of  discoverers  and  inventors,  the  orgBDiu- 
tion  of  exploring  expeditions,  as  well  as  the  general  diffusion  of  edaia- 
tion,  were  all  objects  of  his  special  regiird." 

In  view  of  these  facts  it  is — 

Keaolved,  That  in  the  death  of  Hon.  Samuel  Sollivan  Gox  tbe  Smitb- 
sonian  Institution  has  suffered  tbe  irreparable  loss  of  a  long-tried  friend, 
tbe  Boartl  of  liegents  of  a  most  valued  ussociato  and  active  memberdur- 
ing  fitteen  years  of  service,  and  the  country  of  one  of  its  most  disiin  I 
guishc>d  citizens. 

Resolved,  That  tbe  Board  of  Regents  desire  to  express  tbeir  dMp 
sympathy  with  the  bereaved  family  of  the  deceased,  and  that  a  cop; 
of  these  resolutions  be  transmitted  to  the  widow  of  their  late  associate. 

Mr.  Gox  was  descended  from  a  long  line  of  distinguished  ancestor. 
His  father,  Hon.  Ezekiul  Taylor  Cox,  who  moved  from  New  Jeiwy 
to  Zauosville  early  iu  the  ceutary,  held  tbe  position  of  State  eenaior 
and  clerk  of  tbe  supreme  conrt  of  Ohio;  bis  grandfather,  Genenl 
James  Cox,  was  an  officer  in  the  Bevolution,  speaker  of  tbe  KewJersej 
assembly,  and  member  of  Congress  at  tbe  time  of  bis  death;  hisgnal' 
grandfather,  Judge  Joseph  Cox,  was  a  distinguished  man  of  bis  time) 
as  were  his  great- great- grand  father,  James  Cos,  and  his  great  grest- 
great-grandfather,  Thomas  Cox,  one  of  the  original  proprietors  of  tbe 
province  of  East  New  Jersey. 

Vpon  tbe  completion  of  a  classical  course  Mr.  Cox  studied  law,  and  st 
theage  of  twenty-five,  turning  his  attention  to  jonrnalism,  wastbeeditor 
of  the  Columbia  Statesman;  at  twenty-nine  be  was  tbe  chainaan'^f 
the  committee  of  tbe  Democratic  party  of  Ohio.  When  scarcely  mo^ 
than  thirty  be  was  oflered  an  appointment  as  secretary  of  legation  to 
Great  Britain,  but  declined  the  honor,  though  he  afterwards  accepted 
a  similar  position  and  represented  the  United  States  at  Pern.  A' 
thirty-two  be  was  elected  to  Congress  and  continued  as  a  member  o' 
that  body,  almost  without  interruption,  for  a  period  of  over  thirty  J**'^ 
fie  was  elected  Si^eaker  pro  tempore  of  tbe  House  of  Representatives 
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ID  1876,  iiud  was  miuister  to  Turkey  duriug  the  first  part  of  FresideDt 
Clevelaod'B  attmiuistratiOD,  receiving  from  the  Saltan  shortly  after  tbiit 
siNijoii  the  degree  of  the  order  of  tbe  Uejidieb. 
OfHr.Coi'a  political  career  it  is  annecessary  to  speak.  Tbe  nnani- 
mily  witli  whicli  bis  fellow-Congressmen  hastened  to  pay  tribate  to  bis 
memory,  id  terms  most  glowing  and  affectionate,  attests  bis  esteem  in 
:Le  House  of  ICepresentatires.  No  one  a|>oD  the  floor  of  tbe  House  of 
SejjifseQtatires  in  late  years  has  appreciated  more  fully  or  bas  cham- 
pioned to  such  an  extent  tbe  caase  of  science.  To  him  tbe  seientiflc 
lepartments  of  the  Oovernmeut  looked  for  assistance  and  appreciation ; 
e  a  member  of  tbe  Board  of  Regents  he  was  a  firm  supporter  of  the 
ibenti  policy  laid  down  for  the  institution  by  Professor  Henry. 
Bespectfulty  submitted. 

S.  P.  Lakoley, 
Secretary  of  the  Smithsonian  Inatilution. 
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APPENDICES  TO  SECRETARY'S  REPORT. 


REPOET  OP  THE  DIEECTOE  OB'  THE  BUEEAU  OP  ETHNOLOGT. 

Sir:  I  hsv«  the  honor  to  preKnt  the  folloniag  report  apon  tbe  work  of  the  jear, 
diTidlDg  it  for  coavenience  into  two  general  heads,  vie,  field  work  and  <i£Qoe  work. 

F1XU>  WOBK. 

The  field  work  of  the  year  ia  divided  luto(l)  moand  eiplorationa  and  (2)  general 
kid  (tddiee,  tlie  latter  having  been  directed  dnring  the  year  ohiefly  to  arohieology, 
luitiikge,  religions  practicea,  and  piotograph;. 

Mould  txpUtrationi. — The  work  of  exploring  tbe  mounda  of  tbe  eastern  United 
StaUt  WW,  as  iu  fonner  yeara,  nnder  tbe  aaperintendence  of  Prof.  Cyme  ThoniHs. 
Dnhog  this  year  be  discontinned  eiplorationg  in  penon,  being  engaged  almost  tbe 
talin  time  apon  the  preparation  of  the  eeoood  volame  of  his  report  and  of  an  ad- 
diUonal  bnlletin,  with  aecompitnying  maps  of  tbe  smhraologlc  localities. 

Mr.  Henry  L.  Reynolds,  however,  was  employed  during  the  snminer  in  explorins 
UiewDrksitiHaaitobaaDd  tbetwo  Dakotaa  with  special  reference  to  their  types  and 
diUribntioD.  The  lesalts  of  this  investigation  proved  very  satisfactoiy,  as  the  types 
vithiu  this  area  are  found  to  be  anusoollj  well  deSned,  according  to  pbyBicalstruot- 
m  ind  contents.  While  tbas  employed  other arcbieoiogical  remains  were  noted  and 
cumiDed,  snoh  aa  the  bowlder  ontlines  of  circles  and  animals  and  the  ancient  village 
dMOD  tbe  Uiasonri  River.  A  full  report  ooncerniog  tbese  investigations  wiil  ap- 
pear in  tbe  forthcoming  report  of  Professor  Thomas.  Mr.  Reynolds  also  made  a  visit 
to  certaii)  earthwoika  in  Iowa  and  Indiana  for  the  purpose  of  asoertainlng  their 
ijpe*.  In  tha  aatojin  be  was  employed  Id  Sooth  Carolina  and  Georgia  exploring 
tbsmoandaof  tbat  seotioo,  aboat  which  little  was  known.  Two  moands— a  large 
one  on  tbe  Wateree  Birer,  below  Camden,  Soath  Carolina,  and  one  on  the  Savannah 
HiTer,  Georgia— proved  of  special  interest.  The  contents  of  the  latter  consisted  of 
uflMspeoimena  of  every  class  of  primitive  art  ks  have  been  foand  iu  monnds. 

Hr.JsmeaD.  Uiddleton,  who  bad  acted  as  a  regaiar  assistant  from  the  organiza- 
tion of  tbe  divi  si  on,  was  engaged  during  the  month  of  July,  m89,  in  surveying  and 
Hiking  plats  of  certain  ancient  works  of  Uichigan  and  Ohio.  At  the  end  of  the 
■oontb  he  reugned  bis  position  in  tbe  Biireao. 

Mr.  Junes  Mooney,  altbongh  engaged  in  another  line  of  research,  obtained  impor- 
tut  information  for  the  Uoand  Division,  in  reference  to  the  location,  distribution, 
■iidebanKterof  tbe  ancient  works  of  tbe  Cherokee  in  western  North  Carolina  and 
Mjoining  seotions. 

Gouml  Field  SUdit».~In  the  antnmn  of  tS89  Mr.  W.  H.  Holmes  was  directed  to  take 
<Wge  of  the  atcbteologio  field-work  of  the  Bnrean.  Id  September  he  began  eica- 
'■bomiD  the  ancient  bowlder  quarries  upon  Piney  Branch  of  Eock  Creek,  near 
VMliiD|[ton.  A  trench  was  carried  across  the  principal  quarry,  which  had  a  width  of 
■<>nllutQ50feet  and  a  depth  in  places  of  10  feet.  Tbe  ancient  methods  of  quarrying 
Mi  raking  the  bowlders  were  stadied  and  several  thonaanda  of  specimens  were  ool- 
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looted.  Work  w»a  reanned  iu  tbe  next  •prioK  Rod  five  additional  treoohea  wen 
opened  bciohs  iridely  separated  portions  of  tLe  ancient  qaarries.  Unch  additioiial 
tnfomiatiou  was  colieoiud,  and  man;  apecimena  were  added  to  the  collection.  In 
Jnae  work  waa  oontmenoed  on  another  gronp  of  ancient  quarrioa,  Hituated  north  of 
the  new  Obaervalory,  on  the  weat  aide  of  Rock  Creek.  Vet;  eitflnaive  qnarTy iDg  and 
implement-making  hnd  been  carried  on  in  tbta  place.  The  oonditiona  andphenonwu 
were  almost  identical  witli  those  of  the  Piney  Ur&nch  site.  Sabseqiieutlj-  an  aiicieat 
Boapstone  quarry  near  Tenallytown  wa«  examined.  The  ancient  pitting  correapooded 
quite  cloaely  with  that  of  the  bowlder  qnarries  and  the  condition  of  the  pita  iodi- 
caied  eqnal  age. 

Dr.  W.J.  Hoffman  prooeededearly  in  Jnly  toWbite  Earth  Beaervation,  Minneooti, 
to  continue  the  collection  and  study  of  mneuiooio  and  other  recorda  relating  te  th« 
Uide'wiwinor"OraiidMedicineSociety"  of theOjibwa Indians.  Hehadalreadyapent 
two  seasons  with  thia  tribe,  and  having  been  satisfactorily  prepared,  was  iniUalMt 
into  the  mysteries  of  the  four  aoveral  degrees  of  the  sooiety,  by  whioh  menns  he  wis 
enabled  to  record  the  ceremonials  of  initiation,  which  was  desired  by  the  Indiana,M 
that  a  complete  ezpositioo  of  the  traditions  of  the  OJibna  coemogony  «nd  of  IIm     j 
Uidd'  Society  conld  be  preserved  for  the  information  of  their  descendants.     Through     j 
intimate  acquaintance  with,  and  recognition  by,  the  Hide'  prieata,  Dr.  Heffnum 
eeoured  all  the  important  texts  employed  iu  the  ceremony — much  of  whioh  is  in  u     ■ 
■rchaio  form  of  speech — as  well  as  the  mnsioal  notation  of  songs  snng  to  him  for  (hit 
purpose;  also  the  birab-bark  recordsof  theeociety,  aud  the  mnemonic  songs  on  bireh-     : 
bark,  employed  by  the  MidS'  prieata,  aa  well  as  those  of  the  JQ'asakki'd  aud  the  Wi-    I 
b(n6',  which  represent  two  other  gradea  of  Shamans. 

The  so-called  ooamogony  charts,  four  versions  of  which  were  secured,  had  not  pr»- 
vioQsly  been  exhibited  to  a  white  man,  nor  to  Indians  until  after  the  neoeoaary  fe«a 
bad  been  paid  for  such  service,  preparatory  to  admisaiou  into  the  society. 

He  also  secured,  as  having  connection  with  the  general  sabject,  a  list  of  planli  »ai 
other  substances  constituting  the  maitria  mtdiea  of  the  above-named  locality,  tb« 
method  of  their  preparation,  administration,  aud  repated  action,  the  whole  beiog 
connected  with  inoantatiou  and  eioreism.  t 

Hi.  Victor  Hiodeleff  madeashort  trip  (from  December  7  to  January  30)  to  the roiti 
of  Caaa  Grande,  in  Arisona,  visiting  also  the  sites  r<f  Mr.  F.  H.  Cnshing's  work  while 
in  charge  of  the  Hemenway  expedition.  Plans  and  photographs  were  secured  an 
this  tHp,  and  fragments  of  typical  pottery  were  collected  fk-om  the  principal  ruin 
viaited.  Caaa  Orande  waa  found  to  be  almost  identical  in  character  with  the  many 
ruins acatt«red  over  the  valleyaof  both  the  Gila  and  Salado. 

On  Jnly  3  Hr.  James  Uooney  started  on  a  th  ird  trip  to  the  Cherokee  reaetTaUoo 
iu  North  Carolina,  returning  November  17.  During  this  time  he  devoted  his  atteo- 
tion  chiefly  to  the  translation  and  study  of  the  sacred  foruiiilas  used  by  the  Shamuis, 
obtained  by  him  during  a  prev ions  visit.  In  this  work  he  employed  the  service  of  tlie 
moat  prominent  medicine  men,  among  them  t)eing  the  writersof  Horaeef  the  origioil 
formulae,  and  obtained  detailed  eiplanatlous  of  the  uicompituying  ceremonies  aod 
the  theories  upon  which  they  were  based,  together  with  descriptions  of  the  mode  of 
preparing  the  medicine  and  the  varioasarticlcs  used  iu  thesameconnection.  Howu 
also  permitted  to  witness  a  number  of  these  ceremonies,  notedly  the  solemn  rite 
known  as  "  goiuc  to  water."  About  three  hundred  specimens  of  plants  need  in  tbe 
medicine  practice  were  also  collected,  with  their  Indian  names  aud  uses,  in  addition 
to  aljont  five  hundred  pcevionsly  obtained.  These  plants  were  sent  to  the  botanists 
of  the  Smithsonian  lustitntion  for  identiGcation  under  their  scientific  names.  The 
stndy  of  these  Cherokee  plant  names,  in  connection  with  the  medical  formulas,  will 
throw  much  light  upon  Indian  botanic  classification  and  therapen tics.  The  study  of 
the  botany  is  a  work  of  peculiar  dilficnlty,  owing  to  the  absence  of  any  uniform  sys- 
tem among  the  various  practitioners.  Attention  was  also  given  to  the  ball  play,  and 
several  photographs  of  different  stages  of  the  ball  dauce  were  aocnred.    One  of  the 
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oldaat  men  of  the  tribe  naa  bIm>  euiplo;eil  to  prepare  the  feather  wands  oaed  in  the 
Hglo  dance,  the  pipe  dance  of  the  prairie  trilies,  and  the  calamet  dance  epolfen  of  hj 
111*  «srtf  Jesuit  writen,  which  has  dow  been  diacoDtinned  among  the  Cberokeee  for 
(Iwol  thirty  years.  These  wands  were  deposited  in  the  National  Unaenm  aa  a  part 
vl  tbe  Cberolcee  collection,  obtained  on  vatioas  visits  to  Iho  reserratioD. 

i  coDsiderable  amonnt  of  niisceUaneous  information  in  regard  to  myths,  danoea, 
etc.,  wae  obtained,  and  aBpeoialatnily  was  made  of  their  geographic  nomenolatnie  fbr 
lb«  purpow  of  preparing  an  aboriginal  map  of  the  old  Cherokee  ooantry.  With  this 
olijccta  visit  was  made  to  the  oattying  Indian  setllements,  especially  that  ouCheowah 
EiTcr,  in  Graham  Connty,  North  Carolina,  and  individuals  originally  from  widely- 
Hpuaied  diatritts  were  iut^rriewed.  'Ihe  maps  of  the  Geological  Survey,  on  a  scale 
of  Smile*  to  an  inch,  werensiil  in  the  work,  and  the  result  la  a  collection  of  probably 
more  than  oue  thonsaud  Cherokee  names  of  tocBlities  within  the  former  territory  of 
iliB  tribe,  giveii  in  the  correct  form,  with  the  meaning  of  the  names  and  whatever 
locsl  legends  are  connected.  In  North  Carolina  praoticaliy  every  local  name  now 
hoDWD  to  the  Cheiokees  has  been  obtained,  every  prominent  peak  or  rook,  and  every 
ccve  and  noted  bend  in  a  stream  having  a  distinctive  name.  Fur  Georgia  and  a  por- 
tioQ  of  Tennessee  tbe  names  must  be  obtained  chiefly  from  old  Indians  now  living  in 
tlie  ludian  Territory.  It  may  be  noted  here  that  as  a  rule  the  Chcrokees  and  some 
otiker  tribes  have  no  names  for  rivers  or  settlements.  The  name  belongs  to  the  dis- 
trict aud  is  applied  alike  to  the  stream,  town,  or  mountain  located  in  it.  When  the 
pn^le  of  a  settlement  remove,  the  old  name  remains  behind,  and  tbe  town  in  its 
Dew  location  takes  the  name  attached  to  the  new  district.  Each  district  along  a 
liver  has  a  distinct  name,  while  the  river  as  a  whole  has  none,  tbe  whole  tendency 
in  Indian  languages  being  to  specialize.  The  last  siK  weeks  of  this  field  season  were 
ipent  byHr.  Hooney  in  visiting  variont  points  in  North  and  So  nth  Carolina,  Georgia, 
TeoneMee,  and  Alabama,  within  the  former  limits  of  the  Cherokeee,  for  the  pnrpoaeof 
tacatiDg  mounds,  graves,  and  other  antiqaities  for  an  archieologic  map  of  their  ter- 
ntory,  and  collecting  trom  former  traders  and  old  residents  matorialn  for  a  historio 
aketch  of  the  tribe. 

Hr.  Jeremiah  Cnrtin  epent  July,  and  until  Angust  38, 1499,  at  various  point*  on  tbe 
Klamath  River,  fKim  Orleans  Bar  to  Martin's  Ferry,  Humboldt  County,  California, 
in  collecting  myths  and  reviewiug  voeabniaries  of  the  Weitspekan  and  Ebnikan  lan- 
guages. From  Augmit  30  to  September  10  he  was  at  Blue  Lake  and  Areata,  Hum- 
boldt County,  California,  engaged  in  taking  down  aWishosbkan  vocabulary  and 
collecting  informaliun  concerning  tbe  Indians  of  the  region  thereabont.  Arriving  in 
Roniid  Valley,  Mendocino  Connty,  California,  September  16,  he  remained  there  till 
October  16,  and  took  voeabniaries  of  the  Yuki  and  Palaihnihan  language.  EVom 
BoDDdValley  he  went  to  Niles,  Alameda  Cunnty,  California,  where  he  obtained  partial 
vocsbalaries  of  three  langaages  formerly  spoken  in  that  region.  Of  these  one  was 
■paken  at  BuianD,  anotber  was  kindred  to  the  Mariposan,  a  third  was  Costanoan. 
OnOcleber '27  he  arrived  in  Bedding,  Shasta  County,  California,  where  heobtaineda 
vouiderable  addition  to  bis  material  previously  collected  in  the  form  of  myths  and 
idditioiui  to  the  Palaihnihan  vocabulary.  During  this  work  he  visited  also  Round 
Uimntaio.     On  January  10,  1890,  he  returned  to  office  work. 

t'lDin  July  10  to  November  9.  1889,  Mr.  J.  N.  B.  Hewitt  was  eng^ed  in  field  work. 
Cmil  September  7  he  was  on  the  Onondaga  reservation,  near  Syracuse,  New  York, 
■bere  legends,  taleii,  and  myths  were  collected  and  reoorded  in  the  vumaoular;  alao 
•ccoonis  of  tbe  religious  ceremouies  and  funeral  rites  were  obtained,  the  terms  form- 
iig  tbe  Onoudagan  scheme  of  relntionships  of  affinity  and  oonaangninit;  were 
tcoMed,  and  valuable  matter  pertaining  to  the  league  and  its  wampum  record  was 
^Iw  ccllBoted. 

fioDi  the  lost  mentioned  date  to  the  9th  of  November  he  wns  engaged  on  the  Grand 

'^Ter  reservation  in  Canada,  where  he  snccesafully  made  special  etfort  to  obtain  the 

^'■tttiaud  apeecbeensed  inthecondolencecouncil  of  the  league.    Tbe  religion*  doo- 
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IriQMaDd  belisfiiof  tbe  pnguu  Iroqiioia  wet«  tooord«d;  pUntaDd  animal  d«dim  mn 
collected;  maoy  religious  aud  gentilu  Hougs  were  scoured,  aod  accoaoUof  tbeprii- 
oipal  Iroqnuiun  "  medioines"  id  tbe  vemacolar  were  obtained.  A  Wyandot  voubs- 
lary  waaalao  recorded. 

His.  T.  E.  Stevenson  left  Washington  iu  Harob,  1890,  to  Htndy  the  Sia,  Jemei,  Mid 
Znni  lodiADS.  She  made  Sia  her  fint  point  of  investigation,  and  found  ao  mnchol 
ethnologic  interest  in  thia  Pueblo  that  she  contiuned  bet  work  there  to  tbe  end  of  tba 
flaoal  year  engaged  in  mahinga  vocabulary  and  etndying  the  habits,  cnBtoinB,myUiiri- 
ogy,  and  medioine  practices  of  tbeae  people.  Sbe  has  been  admitted  lo  the  oste- 
moniala  of  the  secret  societies  aud  has  made  detailed  acconnta  of  Ibem,  the  altan 
being  phot<^;Taphed  by  Miss  M.  S.  Clark,  who  accompanied  her.  Her  inveatigaticnu 
•0  far  have  resulted  in  a  clear  exposition  of  tbe  religion  of  the  people. 


The  Director  was  eugaged  during  tbe  year,  when  his  other  duties  would  permit  in 
the  preparation  of  a  work  on  the  cbaracteriatica  of  Indian  laugnagea.  , 

Col.  QarrickUallery,  U.S.  Arniy,  wa«  occupied  in  continued  study  of  aigulangn^f 
and  piotograpbj  with  tbe  collection  and  collation  of  additional  material  obtaioedbr 
personal  inyestigation,  by  correspondence,  and  by  tbe  ezoniiuation  of  authorito.    . 
This  work  was  performed  with  special  reference  to  the  preparation  for  early  publics-    ■ 
tioD  of  a  monograph  on  each  of  those  subjects,  that  on  pictography  to  be  first  pn- 
sented.    Tbe  re-arrangemeut  and  revision  of  material  already  published  in  the  pre-    . 
liminory  papers  on  the  sign  language  and  on  tbe  pictographs  of  the  North  Americu 
Indians  which  respectively  appealed  iu  the  first  and  fonrth  annui^  reports  of  tbit 
Bureau,  and  the  insertion  of  matter  obtained  later  by  exploration  and  research,  hi>t 
been  conjoined  with  discassiun  and  comparison.    By  this  treatment  it  is  hoped  thil   - 
the  monographs  on  sign  langnage  and  pictography,  baring  aa  tbeli  text  the  attaia- 
ments  of  tbe  North  American  Indians  in  those  directions,  may  contribnM  to  tb« 
nuderstandlng  of  similar  eihibitious  of  evanescent  and  durable  tb ought-writing, 
whether  still  employed  in  other  parts  of  the  world  or  now  only  fonnd  in  recorda  of 
material  remains. 

During  tbe  fiscal  year  Mr.  H.  W.  Hensbaw  was  engaged,  in  addition  to  his  admis- 
isttative  duties,  in  assisting  tbe  Director  in  tbe  flnal  preparation  of  the  lingaiitio 
map  of  North  America  north  of  Mexico,  aud  the  accompany  iug  report,  which  is  now 
completed  and  in  tbe  hands  of  the  printer.  He  also  began  the  final  revision  for  tbe 
printer  of  bis  dictiouary  of  Indian  tribal  names. 

Eev.  J.  Owen  Dorsey  completiid  bis  editorial  work  in  connection  with  tbe  publics- 
tion  of  Riggs' Dakota-English  Dictionary.  He  wrote  articleson  the  following  sub- 
jects: UeasQies  and  valuing ;  Tbe  Dba-du-gbe  Society  of  the  Pooka  tribe ;  Omabs 
dwellings,  furniture,  and  implemeats;  Omaha  clothing  and  personal  ornament*: 
Ponka  and  Omaha  songs ;  Tbe  places  of  geutes  iu  Sioaan  camping  circles ;  Wiuot- 
bago  folkloni  notes;  Teton  folklore;  Omaha  folklore;  Tbe  gentile  syst«m  at  tba 
SiletE  tribes;  and  a  Dakota's  account  of  the  sun-danoe.  He  revised  some  of  hii 
Omaha  and  Ponka  genealogical  tables  and  began  the  arraogeuientofKonsa  tablet  ot 
a  similar  character.  He  continued  tbe  elaboration  of  bia  monograph  on  Indian  per- 
soaat  names,  and  completed  tbe  following  lists  iu  whioh  tbe  Indian  names  precede 
their  English  meanings:  Winnebago,  383  names;  Iowa,  Oto,  and  Miasoari,  SH); 
Kwapa,  15 ;  and  Kunsa,  604. 

Dr,  Dorsey  Bnisbod  the  preparatiou  of  his  texts  for  Conttibntions  to  North  Anwri- 
can  Ethnology,  Vol.  6,  Tlie  <f egihn  Langnage.  Part  ii.  Additional  myths,  storiM, 
and  letters,  and  corrected  proof  for  the  volume  as  far  as  page  651.  Re  prepared  & 
manusoript  of  other  Omaha  and  Ponka  letters,  to  be  published  as  a  bulletin.  He 
began  an  article  entitled  "A  study  of  Sionan  cults,"  for  which  over  forty  colored 
Ulastrfttiona  were  prepared  by  Indians,  under  his  direction ;  and  of  this  wticle  lie 
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oopipletad  foar  cfaaptora,  treatiux  of  the  calti  of  Ihe  Omabu,  Pouka,  Kanu,  Ouge, 
Ii>ra,Oto,  Hiswori,  and  Winnebago  tribes,  and  half  of  a  fifth  chapter  that  desMibea 
the  calM  of  tbe  Dakota  and  Assiniboin.  Wbeo  not  otherwise  engaged,  he  vaa  oeoii- 
pied  in  making  entries  on  ilips  for  the  Oegiba-EiigliBli  Dictionary.  From  September 
M  Deoember,  18H9,  tio  obtained  bom  Oeorge  Miller,  an  Omaha,  who  oame  to  Wasb- 
ingtoa  to  aid  him,  additional  my  the,  legends,  letters,  futhlore,  aod  aociologio  material, 
gmnmatioal  notes  anil  corrections  of  dictionary  entries,  besidee  genealogical  tables 
■Ranged  according  to  the  sabgentes  as  well  as  the  gentea  of  the  Omaha  tribe. 

Duing  the  year  Mr.  Albert  S.  Gatschet  was  wholly  engaged  in  office  work.  He 
iiiibcd  Ms  last  draught  of  the  "  Klamath  Grammar,"  a  language  of  southwestern  Ore- 
p)D,  making  nnmerons  additions,  also  appendices,  as  follows :  Idioms  and  dialectic 
diflsreDCM in  the  language;  colloquial  form  of  the  language;  syntactic  examplea; 
complex  eyaonymous  t«m)« ;  roots  with  their  deriratives.  Tbe  typographic  work  on 
tbe  grammar  was  terminated,  the  proofs  and  revises  having  all  been  read  by  tbe  aa- 
ibor.  The  last  portiou  of  the  entire  work,  being  tbe  "  ethnographio  sketch  of  the 
Kljmath  people,"  was  then  re-written  from  earlier  notes  while  coosnlting  the  best 
lopagniphioandliisldrtcal  materials  obtainable.  Mr.  Qatsohetalso  drew  a  map  of 
"tUs  headwaters  of  the  Klamath  Biver,"  the  home  of  tbe  tribes,  being  od  a  scale 
«t  15  aiil«s  to  tbe  inch,  which  will  appear  as  the  ftontiepiece  in  Part  I.  Tbe 
"ctlmagisphic  sketch"  is  now  in  the  hands  of  the  printer. 

Ur.  Jerenuab  Cnrtin  was  engaged  frooi  Jannary  10  to  June  30,  1890,  in  arranging 
(be  myth  material  collected  by  him  in  tbe  field  and  iu  copying  TOoaUularies.  The 
tlDpa,Ehnikan,  and  Wisbosbkao  TocabnlarieH  were  finished  and  the  Yana  partly 
done  on  Jane  30,  1690. 

Tbe  office  work  of  Dr.  W.  J.  Hoffman  consisted  in  arranging  the  material  gathered 
bf  him  dnring  the  preceding  three  field  seasous  and  in  preparing  tbe  mannsoript  for 
pnlilicBtion,  which  bae  been  completed.  During  the  Bnt  three  months  of  the  year 
UCO  a  delegation  of  Henomoni  Indians  were  at  Washington,  Distriet  of  Columbia,  on 
bnuDeaa  counecCed  with  tbetr  tribe,  and  during  that  period  Dr.  Hoffman  obtained 
fromtbem  «  collection  of  facts  relating  to  mythology,  social  organization  and  gov- 
fnioent,  the  gentile  system  and  division  of  geus  into  pbrattiea,  together  with  many 
fiela  relating  to  the  Hita'wit,  or  "Qrand  Medicine  Society"  as  tbey  term  it.  These 
ue  icteresting  and  vslnable,  as  some  portio  ns  of  tbe  ritual  explain  doubtful  parts  of 
Ibe  Ojibwa  phraseology,  and  nice  veria,  although  tbe  two  societies  difier  greatly  in 
tbe  dramatized  portion  of  the  forms  of  initiation. 

On  his  retom  from  the  field  in  November  Mr.  James  Mooney  devoted  his  attention 
lo  Ibe  elaboration  of  the  sacred  formulas  already  obtained.  Two  hnndred  of  these 
fonnalas,  being  about  oue-third  of  tbe  whole  Dumber,  have  now  been  tionalated.  In 
*teh  case  the  translalJon  fh>m  tbe  original  manuscript  in  Cherokee  ehoractera  is 
gitn  first,  then  a  translation  following  tbe  idiom  and  spirit  of  the  original  as  closely 
uponible,  and  finally  an  explanation  of  the  medioine  and  ceremonies  used  and  the 
uiderlying  theory.  About  one-balf  of  the  whole  number  relate  to  medicine.  Tbe 
■rtheis  deal  with  love,  war,  self-proteotioo,  tbe  boll  play,  agriculture,  and  life-con- 
jnriog.  A  preliminary  paper  with  a  nomber  of  specimen  formulas  will  appear  in  tbe 
■Tcath  annual  report  of  tbe  Bureau.  Tbe  whole  collection  will  constitute  a  oniqne 
ud  interesting  oontribntioa  to  the  aboriginal  literature  of  America.  All  tbe  words 
Mcnmog  in  the  formulas  thus  far  translated  have  been  glossarized,  with  grammatio 
Mtca  and  references  from  tbe  original  texts,  making  a  glossary  of  about  two  thousand 
*ndt,  a  great  part  of  which  are  in  the  archaic  or  sacred  longnage.  Several  weeks 
■wa  also  given  to  the  preparation  of  an  archceologio  map  of  the  old  Cherokee 
MDDtty  from  materials  collected  in  the  field  and  from  other  information  in  possession 
fll  tbe  Bureau. 

Uariog  the  year  Mr.  W.  H.  Holmes  has  been  chiefly  engaged  in  the  preparatJon  of 
paiwn  on  the  Arts  of  the  Hound  Builders,  to  form  a  part  of  the  monograph  upon  the 
Uoood  Bnililen,  by  Prof.  Cyras  Tbomas.    Four  papers  are  oontemplated ;  one  upon 
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Pottery,  a  Houod  apoo  Art  in  Shell  aud  Boae,  a  third  upon  Textile  Fabriu,  knd  a 
foarth  npon  Pipea.  Three  of  theae  papers  are  well  advaaced  towards  completion. 
In  addition  to  this  work  he  hu  prepared  papera  relating  to  hia  field  explontioni. 
Theee  include  a  report  npon  eicavatioDS  in  the  aneieot  qnartzite  bowlder  worksliapi 
and  the  aoapstoue  qaarriee  or  the  DistHct  of  Colnmbia,  and  a  rock  shelter  ia  Wert 
Virginia.  Portions  of  these  papers  have  been  pabliehed  in  the  Americ^  Asthio- 
pologist. 

Ur.  James  C.  Pilling  baa  continaed  to  devol«  sDch  time  as  be  could  command  for 
the  pnrpoea  to  the  preparation  of  blhliographles  of  the  langaagea  of  Nortli  Amsrica. 
At  the  close  of  the  fiscal  year  l888-'89  the  proof-reading  of  the  BiblioKraphy  of  the 
Hnskbogean  Langaagea  waa  completed,  bnt  the  edition  was  not  ready  for  deliTcry. 
It  was  deliTeTei].AQgast  S,  1S89. 

After  the  Hnskliogean  Bibliography  had  been  finished,  work  was  at  once  begun  ob 
the  Algonqnian,  by  far  the  largest  of  those  yet  nndertaken.  Unch  of  the  material 
for  this  was  already  Id  band,  the  collection  baring  been  gradnally  porsned  during 
•evrral  years  preceding,  and  the  greaur  part  of  the  work  remaining  consisted  in 
assembling,  arranging,  revising,  and  verifying  that  material.  August  16-^  wm 
profitably  spent  by  Ur.  Pilling  in  the  Lenox,  Astor,  and  New  York  Histurical  Soeictj 
libraries,  at  New  York  City,  and  the  UassacbiuetU  Uistorioal  Society,  Boston  Aibe- 
nnum,  and  Boston  Pablio  libraries,  at  Boston,  chiefly  in  verifying  and  revising  the 
materia]  in  hand.  The  flrsl  portion  of  the  maansonpt  was  transmitted  to  the  Publie 
Printer  November  15, 1889.  At  the  close  of  the  fiscal  year  final  proof  had  progteastd 
to  the  two  hundred  and  fifty-eighth  page,  oarrying  the  work  approximately  halt  wsj 
to  completion. 

From  the  Ut  to  the  lOlh  of  July,  ISiS,  Ur.  J.  N.  B.  Hewitt  was  engaged  in  ooUat- 
ing  and  recording  Iroquoian  proper  names,  both  of  persous  and  places,  as  they  oeeni 
In  the  narratives  of  the  early  explorers  and  historians  of  the  pristine  habitat  of  the    . 
Iroquoian  peoples.    Afterwards,  to  the  9th  of  November,  he  was  employed  in  field   [ 

Upon  his  return  to  the  office  and  nntil  the  end  of  the  fiscal  year  he  waa  engaged  in 
translating  and  annotating  the  myths,  legends,  tales,  and  all  of  the  other  matter 
which  he  had  previonaly  collected  in  the  field ;  and  in  translating  and  recording  for 
easy  reference,  for  the  pnrpose  of  verification  and  exposition  of  the  matter  so  col- 
lected, the  mytbologic,  ethnographic,  and  other  anthropologic  data  found  in  theearlj 
French  narratives  of  the  New  World,  and  especially  that  which  is  foand  in  the  worki 
of  Champlaiu,  Lafitan,  Charlevoix,  and  in  the  Jesnit  Relations.  Uuch  lioguistit 
material  has  been  obtained  from  the  translations  of  the  matter  which  Ur.  Hewitt  pec- 
sonally  collected  while  engaging  in  field  work. 

Prof.  Cyrus  Thomas  was  personally  engaged  during  the  entire  year  ou  the  prepara- 
tion of  his  report  on  the  field  work  and  collections  of  the  preceding  seven  years.  A 
bnlletin  giving  the  archieologic  localities  within  the  monnd  area,  together  with  i 
series  of  accompanying  maps,  was  completed  for  publication.  It  will  form  a  closdj 
printed  octavo  of  about  two  hundred  and  fifty  pages.  His  report,  which  requires 
much  oomporison  and  referenoe  as  well  as  stndy  of  the  works  explored  and  objects 
obtained,  is  pn^ressiug  as  rapidly  as  is  consistent  with  proper  care  and  due  i^acd 
tor  details,  and  will  be  completed  and  presented  for  publication  during  the  neil 
fiscal  year. 

Ur.  Henry  L.  Reynolds,  on  his  return  from  field  duty,  assisted  Professor  Thomas 
in  the  preparation  of  that  part  of  his  report  and  hnllstin  relating  to  those  archeo- 
logic  districts  the  works  of  which  he  had  visited.  He  then  resumed  the  preparation 
of  his  paper  on  the  aboriginal  nse  of  metal.  In  Uay  be  made  an  examination  of  the 
metal  specimens  in  the  private  and  pnbllo  archieological  collections  of  New  York 
City,  and  in  June  visited  Providence  and  Boston  in  search  of  osrtain  rare  histona 
data  relating  to  the  early  life  and  customs  of  the  Indians,  both  in  respect  to  the  lua 
of  metal  and  to  other  matters.  He  was  engaged  in  the  office  npon  this  work  at  thn 
does  of  tbe  fiscal  year. 
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DuringtbefearHr.  Vletor  MiDdeleff  w»a«iigaged  npoo  ■  report  on  the  arohlteol- 
ore  ol  ToMjao  »ud  Cibola.  This  work  vaa  intenupted  bj-  a  short  field  trip  to  the 
niln  orCiw  Grande,  tvi  mentioned  nnder  tbe  head  of  field  work,  and  ttos  Tcsumed  on 
hu  Nturn  Axim  that  trip.  The  report,  together  with  tbe  data  for  ita  illaBtrationi, 
iu  beta  finished  for  pnblicatioD.  A  report  was  also  prepared  on  the  repairs  and 
flection  of  tbe  rain  of  Casa  Grande,  on  the  Gila  Biver,  ia  Arizona.  This  report 
■uMCompaoied  by  diagram,  plans,  and  a  series  of  photographs.  He  also  yrea  occn- 
fifA  JD  ao  architectural  disonasion  on  this  ruin,  together  with  one  on  the  rains  on 
lie  Sio  Satodo,  excavated  b;  the  Hemennay  expedition,  which  were  visited  by  him. 
Daring  the  fint  four  months  of  the  fiscal  year  Mr.  CocmosMindeleflT  was  engaged 
ID  miMDg  mannscrlpt  and  otherwise  assisting  He.  Victor  Hindeleff  in  the  prepara- 
lion  of  a  report  on  Pueblo  Arcbitectore,  bia  own  portion  of  the  report  having  been 
preiioiuiy  finished.  The  report  was  banded  in  for  pnblioatioo  in  December,  16dl>. 
He  then  comnieDced  tbe  preparation  of  a  series  of  maps,  upon  which  tbe  location  of 
■IlkDQVDniine  ia  the  ancient  Pueblo  country  will  be  plotted,  in  order  to  show  their 
dlitribatioD.  The  maps  were  partly  done  and  the  plotting  of  the  rains  was  com- 
neuecd.  When  completed  tbe  maps  will  show  tbe  location  of  all  ruine  mentioned  in 
liikntare  or  known  to  explorers  and  will  be  accompanied  by  a  card  catalogue  con- 
uining  a  description  of  each  miu  and  reference  to  tbe  literature  relating  to  it,  the 
■hole  farming  a  valuable  record.  It  is  intended  that  a  r^sam^  of  this  shall  be  pub- 
litbed. 

Daringtbe  year  tbe  work  of  tbe  modelling  room  wasoontinaed  under  the  direotion  of 
Kr  Cosmos  Mindelefi*,  and  waa  confiued  almost  entirely  to  tbe  ealargemeut  of  the 
"dnplicateseriee,"  referred  to  in  previous  reports.  Tbe  large  model  of  PeOosco  Blanco, 
•neitftheChaco  rnins,  reported  last  year  as  commenced,  was  completed,  out  into  eec- 
tiwisforconvenieDoeof  shipment,  and  boied.  A  dapUoateof  amodelof  tbePaeblo 
ofTcwa,  the  original  of  wbioh  was  made  ia  1883,  was  fioisbed  and  exchanged  for  the 
orixiDsl ill  tbe  National  Musenm.  Tbe  original  was  condemned  and  destroyed  and 
UDtbfrdnplicata  was  made  for  tbe  duplicate  series.  A  dnpllcate  wee  also  mode  of  a 
UMicl  or  SchnmepoTi,  and  the  original  was  pnt  in  order  and  added  to  the  aeries.  A 
dnplicaie  of  a  model  of  the  Pueblo  of  Shipaulovi  was  also  flniabed  and  added  to  the 
Mme  series.  The  originai  model  of  Caaa  Blanoa  cliff  rain  was  withdrawn  fh>m  the 
UaseDm,  and  a  namber  of  duplicate  casta  were  made,  one  of  which  was  finished  and 
K-deposited  in  ttaeMnsoiim.  Duplicates  were  also  made  of  modelsof  Great  Elephant 
KoDDd,  Great  Etowah  Hound,  and  two  others.  In  the  latter  half  of  the  decal  year 
■oik  was  commenced  on  the  duplication  of  two  very  large  models,  one  of  Walpl  and 
ItmKirstHeaa,  the  other  uf  Hnmniy  Cave  cliff  rain.  The  original  models  had  been 
*>Tr  hnrriedly  made  for  tbe  New  Orleans  EzpoMtion,  and,  being  cost  in  plaater  of 
puis,  bsd  snfiered  considerably  in  transportation.  An  attempt  was  made  to  cast  the 
Bodds  in  paper,  and  in  both  cases  the  attempt  was  rery  sacceseful.  Tbe  first  dupli- 
'ai«  of  the  Walpi  model  was  completed  and  deposited  in  the  National  Hnsenm,  to 
Nfilsce  tbe  original  which  waa  destroyed.  Tbe  finished  model  weighed  about  500 
Tnaods,  instead  of  ^,500  pounds,  tbe  weight  of  tbe  original.  The  model  of  the 
Mommy  Cave  was  cast,  hot  was  not  finished  at  the  close  of  the  year.  A  second  dopU- 
t*>«af  Walpi,  for  the  dnpllcate  series,  was  cast,  but  not  Bnisbed,  at  tbe  close  of  the 
]'»'•  It  will  be  divided  into  sections  for  convenience  of  shipment.  Toward  tbe 
clive  of  the  year  work  waa  commenced  on  two  new  models  which  will  he  used  to 
iilmtrale  a  report  of  Hr.  Holmes,  npon  his  work  of  tbe  Arcbteology  of  the  District 
<*  Colombia. 

^t  one  demand  was  mode  during  the  year  upon  the  dnplioate  series.  This  waa 
^snamherof  transparencies  to  be  exhibited  as  a  part  of  the  display  of  the  United 
8l«t(s  at  the  Paris  Expotitlon.  Sixty  of  these  large  photographs  on  glass  were  sent 
*irf  two  grand  prizes  were  owarded  them.  Upon  the  conclosion  of  the  exposition 
*^*  tnniparencies  were  retnmed,  and  some  damage  suffered  in  transportation  waa 
<°*^  good  by  the  United  Btatee  Commission. 
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DoriDg the  yearnine  models,  ranging  in  aizo  from  2  feel  sqaftre  to  14  by  5  f eet,  wcfs 
flniihed;  tnelTO  modelB,  including  daplioftte  outa,  were  floiahsd  bnt  not  painted; 
and  foar  raodolg  were  commenced  and  not  flniihed. 

Mr.  De  Lancey  "X.  Gill  dariDg  the  y«ar  anoceeded  Mr.  Holmes  in  the  charge  of  pre- 
paring and  editing  tbe  illaatratione  for  the  pablications  for  the  Bnrean.  The  fbl- 
loiriiig  list  aboiTB  tbe  aamber  of  drawings  that  bare  been  pTepsred  nnder  his  sapet- 
vition  for  actnal  pnblioation  dnring  tbe  year ; 

AiohitectDTal  dranioga,  drawings  of  mounds,  earthvorbs,  ancient  rn ids,  etc —  102 

Maps,  diagrams,  and  sections 6t 

Objeote  of  stone,  wood,  shell,  bone,  etc . ........... 3TT 

ToUl SO 

These  drawings  were  prepared  from  field  sorveys  and  sketches,  from  plioUigt^hs, 
and  from  tbe  objeets  tbemselves.  No  field  work  has  been  done  by  Mr.  Qitl's  divis- 
ion daring  tbe  year  altboagh  many  valnable  drawings  and  photographs  were  pro- 
cured in  Arizona  by  Mr.  Victor  MindelefT  and  in  tbe  District  of  Columbia  by  Hr.  W. 
H.  HolmM. 

The  photograpbio  work  remains  nnder  the  able  management  of  Mr.  J.  K.  Uillen. 
Tbe  following  statement  shows  tbe  omonnt  of  work  done  in  the  lat»oratory : 
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'e  obtained  of  Indians  from  sittings  as  follows : 
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DnrlDg  the  year  the  Sixth  Annual  Report  of  the  Bnrean  of  Etbnolotcy  to  the  See- 
retary  of  the  Smithsonian  Institution  was  issued.  It  contains  the  inlrodnctory  re- 
pott  of  tbe  Director,  J.  W.  Powell,  35  pages,  with  accompanying  papers,  as  follows: 
AncientArtof  tbePTOTinceof  Chiriqni,  Colombia,  by  William  U.  Holoiee;  a  Stndy 
of  tbe  Textile  Art  in  Its  relation  to  tbe  Development  of  Form  and  Ornament,  by  Will- 
iam H.  Holmes;  Aids  to  tbe  Stndy  of  Tbe  Haya  Codices,  by  Prof.  Cynu  Thomas; 
Osage  Traditions,  by  Kev.  J.  Owen  Doisey ;  tbe  Central  Eskimo,  by  Dr.  Franz  Boas. 
The  work  forms  a  royal  octavo  volume  of  Iviii  -|-  657  pages,  including  a  general  in- 
dex, and  is  illustrated  by  546  figures  iu  tbe  text,  10  plates,  and  ^  maps  fa  pocket. 
Very  respectfully, 

J.  W.  Powell, 

JXraelDP. 
Prof.  8.  P.  Lanolkt,  ^ 

SMTclm-y  of  the  Smllhtonlan  IntHtuKon.  p  ,,,|,;ed  i:,  OoOQ  Ic 


Appbndix  TI. 


Sir  :   I  bave  tbe  booor  to  submit  tbe  fotlaviag  report  of  tb«  operations  of  tbe  Ba- 
ma  of  iDtamatioaal  Excbsages  for  tbe  fiscal  year  ending  Jniw  30,  1890. 

This  report  haa  been  prepared  io  a  form  Bomewhat  similar  to  tbe  reporta  of  preri- 
Dosjaaim,  being  for  the  sake  of  oonTeniencediriiled  into  the  following  beadings: 

T»bolar  statement  of  the  tranuotioDS  of  the  office  and  comparison  witb  tbe 

work  of  previoas  years. 
Elxpensa. 

Number  of  correspondents. 
International  esobange  of  official  docnments,  et«. 
Efficiency  of  the  service. 
liist  of  transportation  oompauies. 
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e  ilnce  1386  is  oonve; ed  by  tbe  aauexed  snn- 
CoMparativt  ttattnient. 
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Bhlpp«l: 
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Tbe  expenses  of  tbe  Bxobange  Bareaa  tte  met  in  part  bj  a  diiect  appropriation 
made  by  Congress  in  tbe  following  t«mio: 

"For  expenses  of  the  sjotem  of  international  exchaneea  between  the  United  Statw 
»nd  foreign  countries,  under  tbe  direction  of  tbe  SmitBoonian  iDotitntton,  incladisg 
salaries  or  compeusation  of  all  necessary  employees,  fifteen  tbousand  dollars." 

Tbis  is  sapplemented  by  appropriations  to  several  Ooverament  Bureaus  b;  wbieh 
they  are  enabled  to  pity  a  portion  of  the  coat  of  the  exchange  of  tbeir  documeDls  at  s 
rate  of  5  oeata  per  ponod  weigbt  as  established  by  tbe  Board  of  Regents.  Smaller 
sums  have  been  received  from  State  institatioos  desiring  to  make  nse  of  the  servioe, 
and  the  defloieDoy  is  paid  from  tbe  Smithsonian  fnnd.* 

Tbe  receipts  and  disbursements  by  the  acconutiug  officer  of  tbe  fimlthsoniao 
Institntion  on  aoconnt  of  the  international  exchanges,  as  sbovn  in  his  statement  tor 
the  fiscal  year,  dated  Jnly  1, 1S90,  were  as  follows : 

Direct  ■ppropiiation  by  CoDgreM tl£,OO0;M 

Repayment  to  SiuiChHDlan  InUltntlon ; 

UniUdSUlAaOoveranientUepartmeiita l.TTl.U 

SodetleaaudoUieiKniTjea IS,45 

1,-m.m 

'rbeactualcost  of  tbeexobangesfhiniJuly  1, 1869,  to  JnneSO,  1890,  compiled  from 
the  accoantiog  officer's  books  and  incliidlng  the  receipts  and  diabarsements  for  tfaf> 
fiscal  year,  entered  np  to  September  !4,  1690,  was  $17,407.30. 

Fifteen  thonsand  dollaraof  this  anm  (117,407.30}  were  appropriated  by  CoDgrem 
directly  to  tbe  Smithsonian  Institution,  (2,009.34  were  repaid  to  tbe  Institntion  by 
GoTcrnment  Bnreans.  128.40  by  Slate  tnatitntions  and  tbe  defioienoy,  $369.56,  was 
met  by  the  Smithsonian  fund. 
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Bills  for  the  tranaportation  of  eiFhaages  bave  been  rendered  to  all  Gn  veto  meat 
Bnteans  receiring  or  aending  poblicalioua  during  the  year,  except  in  a  fan  iiiBtaiioea 
vbere  the  amount  was  trifling.  The  t«tal  leoeived  from  each  Mnniee  was  $1,771.53, 
u  Toeutioned  above. 

It  ma.v  not  be  superfluoue  to  repeat  tUe  etatement  made  in  previens  years,  tli at  tbia 
method  of  meeting  tba  expense*  of  tbe  Exchange  Bureau  is  estrem6l;  uusatinfactory 
both  to  tbe  Smitbsonian  InBtitation  and  to  tbe  Ooveroment  Bnreana  that  buve  ocea- 
eioD  to  make  use  of  tbe  service,  and  I  again  recommend  that  a  snfBcient  appcoprf  ation 
b«  procured  to  cover  the  entire  cnet  of  tbe  exohanges,  thereby  enabling  it  to  nnder- 
ttand  at  a  glance  tbe  exact  amount  appropriated  for  anofa  purposes.  At  present  tbe 
appropriation  is  distributed  through  all  tbe  principal  appropriation  bills  of  the 
OovenmeDt. 

In  order  to  effect  tbe  desired  change,  that  ie,  to  collect  in  a  Mngle  item  the  entire 
appropriation  for  international  exchanges  and  at  theeame  time  to  make  allowanaeefar 
tbe  payment  of  ocean  freight,  the  eum  of  $i{7,500  was  askeil  for,  for  the  flseal  year 
li^SKSO  based  upon  thodetailedstateiuentsanlimittediumy  last  report.  Tbeamount 
Goally  appropriated  was  (15,000,  the  same  as  that  for  tbe  year,  preceding. 

CO  RREBPONDENTB. 

The  Domber  of  eorreapondeute  now  npon  our  books  is  16,002,  divided  into  societies 
aod  iDjtitntiODS,  individnala,  foreign  and  domestic,  ns  follows : 


Forelp.. 

Domeatlo. 

B,l»l 
B.S40 

il,4Ti 

«.S31 

AeoiopsriMn  with  simitar  flgnree  for  last  year  shows  a  net  increase  of  2,672. 

INTERNATIONAL  eXCHlNOE  OP  OFFICIAL  I>UCt)MBHTB. 

The  exchange  of  official  docnraents  between  the  Oovernment  o(  the  United  States 
Hidthat  of  foreign  countries  has  beeu  carried  on  tbroDgh  the  intermediary  of  the 
teithtonian  Institution,  though  this  eicbange  has  only  been  placed  npon  a  defi- 
nite diplomatic  footing  since  January  15,  IUR9,  tbe  dato  upon  n-hicb  the  convention 
•igoed  at  Brugwls  on  March  15,  IS&G,  was  proclaimed  by  the  President  of  tbe  United 
Butei.  This  convention,  the  text  of  nrhich  waa  given  in  full  in  Dr.  Kidder's  report  on 
tiebangee  (br  the  year  lS87-'e8,  provided  tliat  there  ahoald  be  established  in  eaob  of 
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tbecontraotiDgcoaatrlMa  bnreaa  for  tlieBpecIftI  tntnEmiBBion  of  the  pabliMtianiiif 
its  OovenimeDt,  the  trBDUotions  of  tta  leamed  Mctetiea,  etc.,  to  foreign  goTernmcnU 
and  individaalii,  and  for  the  reoeipt  from  the  •imiUu'  bnreaiia  of  other  conDtriei  of 
tbe  paltlicationa  of  their  government  and  MieotiSe  and  literary  aooietiee.  Tbii  Id- 
volvea,  as  will  be  eeeu,  bnt  little  or  no  modiflcation  of  tbe  present  long-estsblubed 
Smithsonian  lustitntion  exehauge  sfetem,  and  it  ia  hoped  that  the  official  leoognitka 
of  the  valne  of  auch  a  service  by  so  many  governments  will  resnlt  io  extending  tbt 
Bohemethat  has  been  in  operation  here  for  the  past  forty  years,  the  expense  of  irhidi 
baa  been  borue  largely  by  the  fands  of  James  Smtthson. 

Id  aocordouoe  witfa  a  provision  made  in  the  BtaHeels  Convention  the  Government* 
of  the  Argentine  Repablio  and  of  Paraguay  have  aignified  their  adhesion  to  the  Mi- 
veniion,  tbe  former  on  September  3,  1B69,  and  the  latter  on  I>eoember  10,  1R8K 
The  oouDtriee  therefore  iaolnded  in  the  intematiunal  Bgc«eiuent  are: — Tbe  QsiKd 
States  of  America,  the  Argentine  Bepnhlio,  Belginm,  Braiil,  Italy,  Paraguay,  Potts- 
gal,  Servia,  Spain,  SwitEcrland,  Urognay. 

While  neither  England  nor  Oermany  appear  in  tbe  above  list,  both  of  tbese  coaDtrits 
have  addressed  inquiries  to  this  iastitDtlon  throngh  diplomatic  channels  with  r^ifd 
to  exchanges  with  our  Government,  and  It  is  most  gratifying  to  report  that  tbe  Biil- 
iah  Oovernraent,  throngb  Her  Majesty 'b  StatiODeryOffloe,hBBpreMnted  totheGoTNu- 
ment  of  tbe  United  States,  for  deposit  in  the  Libraryof  Congress,  an  Important  m1- 
leetion  of  tlie  publications  of  the  parliamentary  and  execntive  offices  t)com  the  yein 
I8S2  to  1689,  constituting  a  most  valuable  series  of  documents  and  forming  apsrtiit 
return  fbr  the  series  of  publications  issued  by  our  own  Government  since  189S  sod 
•ent  regularly  to  the  British  Haseam.  Moreover  we  have  tbe  assoranoe  that  tiiU 
valnabte  aeries  will  be  continued  in  annual  sbipmenta. 

The  Government  of  Genuaoy  has  also  expressed  its  appreciation  of  the  in  tenstioul 
exchange  service  in  such  a  way  as  to  lead  us  t«  expect  that  it  will  in  due  time  mtke 
fittiug  aclcnowledgDient  of  the  series  of  United  States  Government  pnblicationa  pre- 
sented to  the  Royal  Public  Library,  and  to  the  Library  of  tbe  Imperial  German  Fv 
liament  at  Berlin. 

A  second  convention  made  at  BrasselB,and  also  proclaimed  by  t^e  President  cu  the 
15tli  of  January,  1B89,  provided  for  tbe  immediate  exchange  of  Parliamentary  jonmali 
and  tbe  like,  bnt  it  bad  not  at  the  close  of  the  fiscal  jear  been  set  in  aatishetoiy 
operation.  An  effort  was  made  by  a  letter  addressed  to  the  Department  of  State  m 
December  12,  1869,  to  carry  oat  the  stipulations  of  this  treaty  as  for  as  the  UnitMl 
States  Government  was  concerned,  and  upon  the  recommendation  of  the  Secretsryof 
State  a  joint  refloIntioQ  appropriating  |3,000  for  tbe  pnrpoee  was  passed  by  theSfo- 
ate  on  Janniry  22,  1890,  bnt  it  has  not  yet  been  acted  upon  by  the  House. 

KFPICIXMCT  OF  THK  SEBVtCE. 

An  inapection  of  the  tables  presented  at  the  beginning  of  this  report  bean  nt 
ficient  evidence  that  the  Bnieao  has  not  decreased  in  efficiency  dnring  the  paat  ye«, 
especially  when  it  is  consideied  Uiat  the  inoraaaed  number  (6,606)  of  packages  vt> 
bandied  and  acconnted  for  with  a  decrease  in  the  clerical  force  during  eleven  moatht- 
At  the  close  of  the  year  there  were  bnt  321  packages  on  band  and  the  record  woA 
was  tolerably  well  np  to  date. 
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The  dutriboUon  to  foreign  couotriea  n 
miMiana,  aa  follows : 


89 

9  made  in  S73  CMea,  representiDg  386  truia- 
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Cuba 

!» 

Saxony* 

Frwiee 

Qtrmany 

2 

83 

25 

sp«t"> 

Sweden 

SwltwrUDd 
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3 

t  BtbuII. 

The  entirv  number  of  poblicatlons  tent  abroad  doTing  tbe  jeai  ooder  tbe  pro- 
TiiioDi  of  tbe  aot  of  CoDgreaa  of  March  2,  1867,  baa  been  27,300,  and  there  have 
iKCQ  leceiTed  in  retam  bnt  1,820  paekageg  or  Tolnmes.  The  United  States  Govero- 
iHtitDepartnientH  haveforwardedt^  their  correspondents  abroad  thronghtbeBarean 
16,496  pBokagee  or  volnmes,  and  have  received  in  return  8,866.  The  total,  then,  of 
tlu  exchanges  for  the  enrichment  of  the  Government  libraries  baa  been  10,706  paok- 
■SMreesivod  and  43,706  packages  sent  abroad,  a  total  of  54,502  packages,  or  66  per 
Mat  of  the  total  nnmber  of  paokages  handled. 
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Staltment  of  Ootrnnmental  achamgf  diilnbultd  during  He  gtmr  lSf9-'90. 
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BarHOof  BdnuUDo 

Bnrtaa  ofEDglDMra,  U.S.  Ansj. 


>DOf 


Bnruiuof  theHlDt 

BntsiD  of  SUtUUo* 

CanMiBiinu 

CoH(Barr«y 

ConndUAlonvTv  of  Uie  DUtrlot  of 

OolnnbU 

ComptrollaT  of  tbo  CnireDo;  .  ■ 
DepartncDtof  Agrloultars — 
I>ep>rtiiwiit  of  tin  latertor..-. 

DepBrtincnt  of  Labor 

Deputment  of  SUIfl 

Batflinoluglul  Commlnlou 

BicbuRO  Bomn 

nab  CommiMloD 

aeoenil  Land  OOoe 

Qookticlcal  Barrej 

HonMor  RspreHBlMlTM 

Hf  drofcniphlo  OlOoe 


Library  of  Codctsm 

I   Llf[hi.HonM  Board 

;   Marine  Hoapltal 

I   NiDtical  Almautio 

HalfoDal  Aeadsmy 

I   KMlDUil  BmH  of  Bialth 

'   BatlODkl  Muaaain 

I   BftVT  Dcpartmeot -.-. 

■I  ObMrratory 

Office  of  Indian  AllUra 

OrdDUice  Baraao.  U.  8.  Army.. . 

Patent  Offloe 

Ibaonlui  InaUtntion 

SmlUiaonlan    InatltoUon    (bj 

Smilhwnian     luitltntko 
tnmrd  to  Docnmant  Dlvlaian) . 

Signal  Oflw 

Bargeoa-Oeiwn] 

Trauory  Dopartmnit 

War  Dopartment 


Pnblie  Printer... 


Total  exofaangea . . , 


8I,B1 

Of  the  63,673  pftrceU  reccired  by  tLe  Escfaange  Bonaa,  69,356  were  for  foreign 
«nd  13,216  for  doiuestio  dlitribatlon. 

While  it  is  thu4  Hhown  that  more  work  bu  been  done  and  with  1«m  force  than  in 
the  preceding  f  eftra,  I  stmiigl;  recommend  that  a  slight  increase  In  the  oflSca  foice 
be  made  in  order  that  it  may  be  possible  to  handle  more  rapidly  the  large  and  coo- 
stantly  increasing  smouDt  of  exchauKe  material.  An  additional  aasiataDtiotheship- 
ping  room  irtU,  I  am  confident,  prevent  any  reasonable  coroplaints  of  delays  in  tbe 
office  proper.  Delays  that  oocnc  by  reason  of  slow  ocean  ttaneporiatioo  will  be  ob- 
Tiated  when  snffloient  appropriation  is  made  to  pay  for  freight ;  the  delays  that  ocnnr 
in  the  foreign  excbaoge  boreaus  or  agents,  except  those  in  the  pay  of  the  Smithsoniu 
Institntlon,  lie  of  contse  beyond  the  control  of  the  lostitDtion. 

The  foreign  agents  of  the  Institution,  Dr.  Felix  Plligel,  LeipEig,  and  Mesem.  Will- 
iam Wesley  &  Son,  London,  have  given  the  same  carefal  att«ntiou  I«  the  intereetairf 
the  Institution  as  in  former  years  and  are  entitled,  as  well  hs  the  immediate  employii 
of  the  Bureau,  to  luy  wanueat  thanks.  Grateful  acknowledgments  are  also  due  to 
the  following  transportation  companies  and  firms  for  their  continued  liberality  in 
granting  ftee  IVeigbt  or  otherwise  assisting  in  the  transmission  of  exchange  parwli 
and  boxes,  while  to  others  we  are  indebt«d  for  reduced  rates  in  consideration  of  tbs 
di8lntere«t«d  services  of  the  Inslitotion  in  the  diffnaioa  of  knowledge  among  men. 
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AltiD  SIOMnahip  Company  (A.  SohaDMohsr  A,  Co.,  agenta;,  Baltimore. 

d'Alineirim,  Barou,  Boyal  Poclugaeso  conaul-generul,  Kew  York. 

AnivTicao  Board  of  Commiwiouers  foi  FoMigo  Misaion',  Boston. 

American  Coloaization  Society,  Woahiugtoi:,  DUtrict  of  Coluiiibis. 

Anubor  Steamship  Liue  (Heodenon  &,  Bio,,  tH(enta),  ttow  York. 

Atlas  Steamabip  Company  (Pirn,  Forwood  &  Co.),  Mew  York. 

Bailey,  H.  B.,  &  Co.,  New  York. 

Barber  &.  Co.,  New  York. 

Biiby,  Tbomaa  E.,  &  Co.,  Boaton. 

Borlaud,  B.  H.,  New  York. 

Bon,  C,  coDaal-geoeral  for  Sweden  and  Norway,  New  York. 

Buuaei,  D.  W.,  coDsol-Jieoeral  for  Oieeoe,  New  York. 

Boulton,  Blias  S,  Dallett,  New  York. 

Caldctou,  Climaoo,  eoosal-general  for  Colombia,  New  York. 

Caldo,  A.  O.,  consnl.generai  for  Argentine  Bepnblic,  New  York. 

Ctuneroo,  R.  W.  &.  Co.,  New  York. 

Baltazzi,  X,  coDsal-geocral  far  Turkey,  New  York. 

Compagnie,  G^u^rale  TransallaDtique  (A.  Forget,  ageut),  New  Voik. 

Cooard  Koyal  Mail  Steam-abip  Compauy  (Veraoa  H.  Brown  A  Co.,  agent),  New 

York. 
DeDuiaon,  Tbomaa,  New  York. 

Espriella,  Joato  B.  de  la,  conatil-general  for  Chili,  New  York. 
Floriu  Buliattino  Line — Nsvigaziono  Qenerale  Italiauo  (Phelpa  Bros.  &  Co.), 

New  York. 
Grace,  W.  R.,  &.  Co.,  New  York. 

Hamburg  Amerioau  Packet  Compaoy  (B.  J.  Cortia,  manager).  New  York. 
Haasel,  Bmckmann  &  Lorbacber,  New  York. 

Inman  Steam-ahip  Company  (Henderson  &,  Bro.,  agenia).  New  York. 
Uantez,  Joa6,  coiwal-tceneral  for  Ucagiuy,  New  York. 
Herebaot,  S.  L.  Co.,  New  York. 
Honoz  y  Bapriella,  New  York. 
Unrrsy,  Ferria  A,  Co.,  New  York. 
Navarro,  J.  N,,  eonanl-genetal  for  Heiioo,  New  York. 
Netberlanda  American  Steam  Navigation  Compauy  (W.  H.  VaDduoToom,  agent) 

New  York. 
New  York  and  Braiil  Mail  Steam'ahip  Company,  New  York. 
Nev  York  aod  Mexico  Steam-ahip  Company,  New  York. 
North  OeraianLloyd  (agenta:  Oeldoha  &,  Co.,  New  York ;  A.  Scbamachsc  &,  Co., 

Baltimore). 
Obarrio,  Helobor,  conral-general  for  Bolivia,  New  York. 
Pacific  Mail  Bteam-ahip  Company  (H.  J.  BoUay,  BOperintendent),  New  York. 
Panama  Railroad  Company,  New  York. 

Piouoer  Line  (B.  W.  Cameron  &■  Co.),  New  York. 

Petry,  Ed.,  &  Co.,  New  York. 

Foniarea,  Mariano,  ooneul-general  for  Solrador,  New  York. 

Bed  Slar  Line  (Peter  Wright  &,  Sona,  agents.  New  York  and  Pbiladeipbia). 

Rojat  Daniah  oousn).  New  York. 

S«;al  Spanish  consul,  New  York. 

Bail,  Domingo  L.,  ooaanl-general  for  Ecuador,  New  York. 

Stewart,  Alexander,  consal-general  for  PaiagQay,WaahiugtoD,  District  of  Colom- 

Toriello,  Enrique,  oonaol -general  for  Onatemala,  New  York. 
VaUhle,  H.  A.,  4.  Co.,  New  York. 

^ite  Cross  Line  of  Antwerp  (Fonoh,  Edye  &  Co.),  New  York. 
Wiiwn  &,  Aamna,  New  York. 
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Upon  Janliur  t,  1890,  >  d«w  ayBteni  of  reoordlng  tbe  conMpoDdcnce  wui  adopted, 
hAvingbeeDBobmltted  tokprelimioM'T  trialofMreralmonlha  tot««titBappIic«bi1iiT 
to  tbe  Bpeclkl  wauta  of  tbe  offloe.  Ever;  letter  or  itiToice  reoeiTed  it  Msigoed  a  car- 
rent  nnmbec,  and  ia  entered  at  ODoe  id  a  book  for  tbe  parpoae,  a  card  index  facili- 
tatiog  reference  to  tlie  tetters  filed  cbmnologieally.  All  ont-going  letters  are  entered 
Id  a  similar  book. 

The  collection  of  aoienllfic  and  otlier  directories,  Govennneot  year-books,  and  listi 
of  memberB  of  learned  societies,  baa  receiTed  a  naml>er  of  TaluableadditioDft,  and  it 
ia  hoped  that  nltb  increased  funds  at  oqmmand  and  a  diminntion  of  mare  preostng 
Deeds  tbia  collection  will  be  made  an  iinportant  featore  of  the  Exchange  BarcAn. 

Perhaps  tbe  most  serriceable  informatioa  to  those  havJogoccaoioD  to  make  on 
of  tbe  service  is  that  contained  iu  Exhibit  A,  appended,  Bbowiug  the  anmber  of 
sbipmenta  eaob  montb  to  the  various  countries  with  which  ire  are  id  correapondenoe. 
Very  reapectfnlly  yonra, 

William  C.  Wwlock, 

Curator  of  Exekangt*. 
iti.  8.  P.  Langlby, 

Stereiary  of  tin  $niU«oataa  /atff  faiioa. 


Exhibit  A. 
TVsRfmfMtoii  of  rt<^tige*  to  fortign  eounlri«*. 


CoDDtrlca. 

Argeatiue  RepnbUe 
Anibrla-Riuguy ... 
BelgliiB 

B«UtU 

BrltUb  Coloaka 

CbUl 

Colmnbts... 

Costa  Btoa. 

Caba 

l>eDmsrk 

Batob  Golsns 

£Ht  lodla 

BjrjTt 

Frsnoe  sad  Coloolsi 

Qsnuny 

Gt«stBTltala,elo.. 

Quftteni^a. ..,.-.... 

H»tU 

Itslj 


Dste  of  iTuumiuloD,  ru. 

Setilembsr  13, 1«M  ( luuaiy  2,  F>bni>f7  15,  Jnne  13,  IBM. 

iDnlndcd  In  tmumiHlDD  to  QtrrrDUi;. 

ADgnit  2S. November  23,  3£,lSta;  Febnurj  19, Msreh  MU;  7.  June 

3.  IS.  lato. 

Febnur;  11,  ISM. 

InolDded  to  truunlwlOD  for  BaKlsad. 

December  30, 18W;  Febrosrr  It  Hay  JO,  Itn. 

September  13,  !BW ;  jBDoitr;  2,  Febrou?  IT;  Jnns  13;  UM. 

Febniry  IT,  Jane  23.  IBM. 

Febrosry  »  Jane  23,  ISBO. 

October  U,  ISSV,  Febnuuy  2Q,  June  23, 18M. 

September  14,  Noveaiber  29,  IKSSi  Febnur;  SO,' April  ll.Jnso  IS.  ISM. 

Febmarr  IT.  IBM. 

Febnury  21,  Jnne  21,  IBM.    Also  iDcladed  to  trsnuniuiana  to  Bngluid. 

FebniBr;  IT,  June  23.  ISM. 

Febrermy  21,  Jnne  !«.  ISM . 

Jaly  8,  AngiuE  12,  September  T,  Octobsr  22,  Noremlier  14,23,  D&eembei 

T,  ises ;  Juaary  6, 27,  Febmuy  4. 11. 12,  Hsrcb  t,  21, »,  Uajr  I.  Jone^ 

IS,  24,  IMD. 
Jnly  S.  20,  IS,  Angost  14,  September  3.  October  12.  Koveaiber  T,  11.  XI. 

Seoember  13, 188»;  Jsoury  4. 2T,  FcbnuTT  3, 12,  Usreb  «.  23, 19.  April 

3fi,  Hey  Ifl,  2«,  Judo  5,  lit,  18a0. 
JbIjIO,  AntoetS,  September  U,  October  13,  Novembor  8,  IS,  23,  Decem- 
ber 7.  23,  IBSti  Jtataij  2,  28.  Febrnliy  T,  11,  13.  20;  21,  Uuoh  8.  S. 

A^pm  3. 30,  Ua;  3, 13,  June  4, 14, 24,  M,  ISM. 
Febnwry  20,  June  Ifl,  IBM. 
Febniaif  14.  Jnne  23.  18M. 
Febmar;  20,  June  23.  IBM. 
July  IS.  Augaet  30,  October  20.  NovembeT  IS,  23,  Duiembir  IT,  IBS: 

January  2T,  February  14, 20.  Uugb  S,  31,  ApcU  S,  Jose  «,  K IWO. 


REPOBT  OF  THE  8ECBBTABY. 
IVatumitiion  of  aieliaiiga  to  foreign  oountritt — Continued. 
tM»  at  tnaimlulon.  tto. 


6BptMBberlKI>eaenibcr30,18W;  F(ibniHT!l.Uvl<><»--''<i>B31>lBM. 

Pabrauy  11.  June  K  IBM. 

Beptnslwr  24,  ISSSi  Febnuir]r  II,  Manh  10.  18W.     The  mUority  ot 

Hezlcu  eiohaogH  tn  mdI  bj  nelatervd  nulL 
Baptcmbern.DiweBber  23.18891  PebpuurSl,  Iby  II,  Jiuiell.  IBM. 
Saptambu  U.  NaTemlwr  IS,  23,  lIWi  Juimt;  31,  Fsbnurj  IS,  Uinb 

C  Juu  1, 13,  ISM. 
DMWOilNrZ3,U8BT  FebmarrSiHlf  13.  Jnnsn,  ISW. 
Fdbnurj  1»,  June  23.  laao. 
Oolobcr  U,  Movetnber  %  ISSk ;  April  M,  Jona  IS,  IMO. 

y«bni»pj  n,  1W0. 

rebrnuT  IT.  Jnne  23.  IGM. 
Febnuij  24,  June  21,  KM. 

FebTBii7  Z4.  Juoe  14,  IBM. 

■M;  JuQuyte,  U>;13,jDDelt.lBM. 
Inolnded  Id  aeruinj. 
Jiil;ll,lC,  SeplambarSe,  NoTOBibailb,  23,  DKwnibcrSO.  lB8t:  Febn- 

uj  10,  IB,  Uaicb  1, 31.  April  T,  «■;  14,  Jnns  «.  20, 18M. 
Inolnded  In  tUmuij. 
Febnurj  17, 18M. 

Decambar  2^  18W ;  Febnury  24,  H*y  II,  Jnne  21. 1830. 
DBcsMabaTBl.l8l*i  Febrnwy  34.  UarS4,  Jane  l<,imo. 
Septnnb«ll,l«eti  Jranar?  3,  Aprils.  May  31,Jiuieai,18Bt. 
Jnlf  13.  33,  Saptembar  1),  NovMuber  33,  Daoambar  21. 1883  -,  Febtoary 

14,  34,  Harch  (,  Ubt  14,  Jiuia«,  20,  1890. 
FabrBMy  21.  Jnns  21,  ISM. 
Pabl-OBiy  34.  Jane  18.  IMO. 
Febnury  IT,  Jane  23.  ISM. 
September  13. 1883^  Febnury  IT.  Jane  23.  ISM. 

roary  II,  Hay  13,  Jnne  21,  ISM. 


to  addition  to  the  above, 
•ten  made  on  geplember  7, 
crnmeDta  of  the  following- 
AigQntine  Bepablio. 
Badel■^ 

Balgiam. 

Borooa  Ayne. 

Brazil. 

Canada  (OtUira). 

Canada  (Toronto). 

ChUi. 

Cotambia. 

DBDmark. 

fniue. 

Oennanj. 


shipmenta  of  Unite 
NoTeiuber30, 1809; 
named  oounlriea: 
EoKland. 

Hafti.' 
HuBgar;. 

Ital;.' 

Hex  loo. 
Metberlaoda. 
New  South  Wales. 
Nenr  Zealand. 

Peni. 
Portngal, 


d  States  Congrewional  piiblicationa 
Uarch  17,  Jane  28, 1890,  to  tlie  gov- 

Praoala. 
QueeoBland. 

Suony. 

Sooth  Anatralia. 

Sweden. 

SwitzsTland. 

Taainania. 

Tnrbey. 

Veiiflznela. 

Victoria. 

Woitemberg. 
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Appendix  III. 

SEPOBT  OF  THE  ACTING  MANAGER  OF  THE  NATIONAL  ZOOLOGICAL 
PAHK. 

On  Jane  15, 1890,  the  aoiiuala  eilitbit«d  for  BOme  years  past  at  the  National  MnBeDin, 
ftad  ronniDg  the  uacleua  of  a  coUaction  for  the  Natioual  Zoological  Parli ,  were  tiuiml 
over  to  the  aotiog  uiftnagA  of  tbe  park. 

The;  are  ataowa  in  detail  ia  the  fuUowiog  list ; 

^P^-  Kuns.  Speoi- 


Pecwry  {Dieolj/lalojafn,!^} 

lInlaDe6r(ClariaewnuKni(u,aiif) 

ColumbUD  BUoklolleil  Dwr  (Ctariacui 

aolumMaiHU,  BIch.) 

Virginia    Dear   (Oariatui   sirffinianu, 

Bodd.) 

AmsTloHi  Elk  or  Wipltl  (Otrtiu  etna- 

Otntit.  EtiLJ 

Amarleu    Bl»n    IBitm    amtriemHu, 

OmeL) 

Kook;  UDnntiiln  Sbtep  (Oni  montano. 

Cut.) 

Angora  Ooat  iCapra  hinua  angormtU}., 

'WiwdoliuDk(Jreloni«inHiuz,L.) 

Fnlrle  Dog  ( Cynomf  Iwlsncfanuf .  Ord. ) 
BKriptiiGiipbet  ISpemupMluitTiitteititti- 

ntaOu.  KUcblh} 

RWI Squirrel  (ScJunu  AudiDntu(,PiilUa). 
Gray  Squirrel  iSHurut  aiTntintntU  eant- 

laiwtwit,  Gmel.) 

Flying  Squirrel  {ScivnipUra*  tialu«aa 

voluaUa,  Pallas.) 

Canada  Poroapins  (EnUinm  dmatvi 

dortobu,  L.) 

OnineB  Pig  (Caeio  aperta) 

BlaDkBeir(rrni«iimitricanui. Pallas) .. 
"CiDnanion"Boaitl7riuiomerfcaBi«.... 
SHrstUp  Gritlly  Bear  (Prnu  hmrilUit. 

om.) 

Sacooou  IProej/onhilvr.h) 

Ferret  iPutoriitf/iiro.L.) 

O-ray  Fox  ( Urecum  ciryinianut,  Solireberl 

8«iftFoi(rnliwiHlai.8ay) 

Red  Foi  (FuIpet/Hlnu/wlBU*.  DesmarMt) 

Panther  (fW(»  eonfoior,  L.) 

Wbllc-tbroaled  Capaobln  Monkey  (CMi 

hypolnuul,  Hamboldt) 

Brown  Capuchin  Monkey  (0>hM/aIu<Ilu4) 
QHTelUoDkey  {ViratpiOicta*  eaUUricliui] 
Maeaqae  Monkey  {Uacatut  ej/noinolfu*} 


QotdSD  fiaglfl  tAquUachiytatlUM,  L) 

White-hauled  Baglo  (Uaiiirtliu  Uvea- 

Cooptt'tUiwkiAceipiler  eooptri.Boat^}, 
BedihoDldered  Hank  (SuIb)  Umatut. ., 

Gmel.)  I 

Sparrow  Hawk  (Falai 
Great  Homed  Onl  (£u»a 

Gmel.) 

Barn  U«l  ISIrix  pralituBla.  Bonap.) 

Barred  Uwll^rruumnebulanitii.  Font.), 
Ke<l  spd  blue  Hacav  (AraeUor^Urai^^ 
Rra  and  hlua  and  yellow  Uaoaw  (Jra 

Taaow) _. 

Tel  low  and  bins  Uacaw|.dn>  Braraaa«a  J 
Sulphur.creatad  Cockatoo  lOacatiuisal- 

Clarke'a  Nat-cracker  (Ficiaonai  «elHm- 

6(ani«.  Wlla)  

LongorBHiMl  Jiiy    (Cganoeiaa  ilitttri 

inaeralvpha,  Buird) 

C  anilina  Psroqael  ( Oiinuruf  coroKamna, 

L.) 

Hondao  Chiokens  (Oollwftanlini) 

Friiiled  Chiokena  (OoUui  bankii-a) 

BroDieTurktya  (HtUagrittaOvpara,  L.) 
Willie TaTkeis(Ual«Vru2fal/iipaEo,  L.). 
Canada  aooaeffimnUcanadHMit.L.)  . 
Night  Heron    (X^lieorax    v)/clictrax 

nana.,  Bodd.) 

Turllo  Dove  (ZenaidKra  memmraL,  L.I-. 


Elephao  t  Tortolne  ( Trttudo  tUpk  anUtptit) 
||  GalapagoaTortol«e(r«luilon>ffnfo)... 
I  Alligalor    (JUi^alor    miitialppirniit. 
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It  hu  hitherto  been  impoMible  to  give  aaitable  honslng  to  th«se  uunutls,  most  of 
which  ue  giRs  tuthe  GoToninient,  sud  lUBDy  of  them  Are  kepi  in  a  loDg,  low  shed, 
mptrteetlj  lighted  and  heated,  nhereiu  animals  acenBtomed  to  the  most  divene  cli- 
mUuueaf  oeceulty  indiec ri mi oately  placed,  the  comm'oD  Virginia  opossum  raoeiv- 
iDg  the  same  heat  and  treatment  that  serves  for  the  panote  and  oockatooa.  In  an 
uuei  U)  this  abed  the  moukeys  are  placed,  and  it  has  been  possible  to  give  tbem 
Mmewbat  more  suitable  pcot«ctioii.  The  larger  animals  are  confined  either  in  sep- 
mlc  oDt-door  cag««  or  iu  ehelter-bams  and  pens,  bat  these  constractions  arenn- 
niitoble  sod  iDsnfficient  even  for  the  small  nomber  of  such  animale  kept.  Happily, 
tliia  Mmdition  is  not  a  permanent  one,  aa  Cnngreas  has  provided  for  the  care  and 
miiDtmanee  of  the  collection  iu  the  National  Zoologioal  Park. 

No  zoological  collection  has  ever  been  placed  in  a  site  so  satisfactory.  It  is  ample 
inutent,  beiogabont  four  times  larger  than  any  zoological  garden  in  this  country 
ud  from  ten  to  Gfteeu  times  the  size  of  most  of  the  gardens  of  Europe.  It  is  within 
a  short  diitance  of  the  city,  being  but  little  over  one-half  mile  from  fls  limits  (see 
map  No.  1)  easily  occessitile  by  excellent  roads;  yet  it  boa  all  tbeqniet  and  seclaslon 
of  a  remote  country  district.  Within  its  bounds  every  variety  of  slope  exposure  is 
foQud.from  the  north  sides  of  bills  covered  with  dense  growth,  suitable  for  animals 
n<|nirTDg  coolness  and  shade,  to  the  snnn;  southern  aspects  for  tropical  and  snb- 
ItDpical  Bpeciea.  The  natural  variety  of  surface  is  also  great.  Kocks  form  natural 
rliSivtierewild  sheep  and  goats  can  jnmp  and  climb;  densely  wooded  portions  form 
u  eieeltent  cover  for  shy  animals,  and  a  large  open  field  along  the  cieek  affords  an 
^portnuily  for  excellent  gTasiDg  grounds.  In  the  oreek  itself  aqnatio  animals  aud 
birdamay  be  snitably  reared. 

That  tbe  pictoresqoeneas  ot  the  legioo  is  notable  is  shown  by  the  names  given  to 
^«rat]t  parts  of  it  in  the  grants  aud  early  deeds  of  the  eighteenth  centory.  There 
it  i*  found  that  a  considerable  part  of  the  park  was  known  as  "Pretty  Prospect," 
»l»»B"The  Rock  of  Dnnbnrton,"  while  other  parts  are  from  the  tracts  of  "Uount 
Flessut"  and  "  Pleasant  Plains."  The  actual  owners  from  whom  the  site  was  im- 
BMiialelj  derived  are  shown  on  the  accompanying  map  No.  3.  A  portion  of  tt 
vitODce  owned  by  John  Quincy  Adams,  who  built  upon  the  oreek  the  "Colnmbia 
Hill,"  for  many  years  past  known  as  "Adams's  Mill."  Fragmentary  ruins  of  some 
ot  the  mill  hnildiugs  still  remain. 

Tbe  only  babitsblo  building  found  within  the  limits  defining  the  park  was  that 
knownastbe  "  Holt  House."  Thtsmansionisoneof  the  few  remaining  iu  the  District 
daiing  back  to  near  the  beginning  of  the  century,  it  having  been  built  iu  IMS. 
Thongb  in  a  very  dilapidated  condition,  it  is  thought  desirable  to  repair  it,  pre- 
orring  as  far  as  possible  its  charaeteristic  features,  and  it  will  be  used  far  tbe  offices 
oflbepsTk. 

The  DTiginal  forest  covering  this  land  was  doubtless  mainly  oaks,  hickories,  and 
>»lip  trees.  A  portion  of  this  was  cleared  away,  and  tbe  land  was  probably  cultivated 
(or  UMj  years.  Being  then  allowed  to  lie  fallow,  there  sprang  up  upon  it  a  thick 
*«iDd  growth  of  scrub  pinesaud  cedars.  A  large  variety  of  trees  of  natural  growth 
^  (iiiiDd.    A  list  of  those  already  noted  that  may  be  classed  as  iudigenoua  fallows : 


Poi«l« 

».. 

BcientlBc  Dame. 

ItocpOM,  All. 

J«rn*™m,  L. 

StgMndoactnida,  Uoenoh. 

feddw 

!!«-«.  l««l 

H»ik>e<ut  . 

»«aMnJ.4Mtr» 

H.  Mis.  129 5 
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BUok  Juk  or  buien  oak .. 

wm™  i»k 

Gbsstmit 


BUsk  wMn  ,. 


Pitohpliw 

Jtmaj  at  wnak  tdiw-  — 

Tdlnrplae 

Vhll«^iM 


0»nHM  n»rM«,  L. 

Jf VMS  *vl>'it'<*-  Uanh. 


nniu/lilM.  Hkbi. 


/■f font  Blirra,  L. 


9iMr«w  MUMo.  W4D|. 


Qutrau  coeeinta,  Wing. 


Qwvu«/i>I«<'>,  Ulclu. 

QlMVM  PktUM,  I. 
OufonM  (MiM,  UUl,  TH 
Fagm /erragin**,  Alt. 
AiKsnlirrai  Ifanball. 
JmlfHnu  FuyCnioiHi,  L. 
nmur^ids,  UiUer. 

PllHU<»|>(,Al(. 

KHwaiUit,  Uido. 
Plmu  Mr«»w,  L. 


OBHITH0U>QY  OP  THK  ZOOLOGICAL  PABK. 

This  Mgion  baa  loDg  beeu  koawo  to  be,  b«Dkiue  of  ita  ■ednsion  uid  Dktusl  mi- 
v»i)tag«a,  OU0  of  th*  favorite  oeating  gronnds  for  the  birds  that  visit  the  District  ol 
Colombia.  At  niy  requeet  Mr.  H.  W.  Heaebaw,  a  well-kaawn  anthoritj  iit  oc 
tbologf,  bat  made  Ibe  apecial  report  wblch  follows: 

"For  many  reasana  tbe  eitaaiion  of  tbeaito  of tbe National  Zoological  Park  iaaa 
to  be  a  niae  one,  and  from  no  point  of  view  do  its  advantages  appear  greater  than  ■■ 
a  bannt  of  oar  native  birds.  A  section  which  ha«  long  been  known  to  be  the  ohoa 
hone  of  birds  and  animab  in  a  state  of  uatore  ttoald  seem  to  bo  a  peonliarl;  fltbio^ 
abode  for  tbem  in  a  state  of  captivity.  It  Isoertain  that  neither  within  the  Diatcict 
not  in  the  region  Immediately  abont  it  is  tbere  a  spot  whioh  ia  reaorted  to  by  antch 
nnmben  of  birds,  nor  one  whoretheraier  migratory  species  canaooertainly  belotuid. 
The  park  region  has  long  beeu  familiar  to  every  bird  collector  who  has  ever  aamSa 
Washington  his  headquarters,  and  probably  no  area  of  equal  stse  has  ftmuahsd  aa 
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nuf  BpMimeiu  to  the  coltectioD  of  tbeNatiooal  Mmieum  aad  of  private  collectors 
Hlhb. 

"  To  appreciftle  its  odvantageH  aa  a  bannt  in  wbioh  to  stady  tbe  habita  of  oni 
bird*  one  innat  visit  it  in  eail;  morDing  abant  the  middle  of  Hay.  A.t  this  time 
thoaHoda  of  birds  ate  eagerly  winging  their  way  to  their  northern  homes,  and  the 
little giores  of  pines  oud  tbe  outlying  decidnoua  thioketa  are  filled  with  hnodreds  of 
nrbkn,  Sycatchers,  aad  ipanows.  Among  others  one  may  be  pretty  snre  to  find, 
imid  throngs  of  commoner  species,  numbers  of  Bay-brea«ted  and  Blackburn iaa 
Warblers.  Should  the  visitor  carefnlly  scan  the  low  thickels  aMonraingor  Cod- 
iKticDt  Warbler,  rate  birds  indeed  in  this  latitade,  may,  perchance,  reward  bis 

"Tbe  Worm-eating  and  Kentucky  Warblers  arealways  present  about  that  date, 
UMDghinsmaliuLimbera.  80,  too,  are  the  Yellow-bellied  aud  Least  Flycatchers!  while 
ttwTiailU  Flycatvher  Is  an  occaMonal  visilant.  There  is  a  thicket  on  the  west  hank 
or  the  creek  which  Lincoln's  Finch,  long  unnoticed  in  the  district,  visits  each  spring, 
lud  I  have  seen  seven  or  eight  of  a  morning.  Tbe  Scarlet  Tanager,  whose  bright 
a>lara  arrest  the  eye  of  evoii  tbe  most  careless,  finds  here  a  favorite  resort,  and  the 
Bo«»-breBBted  Grosbeak,  always  a  prive  to  the  collector,  iaa  regular  and  commou  vis- 
iiM  to  the  tall  oaks  that  cover  the  east«ra  slopes.  Tbe  uortbeast  corner  of  the  park 
itlhs  only  spot  known  to  me  where  the  song  of  the  Summer  Tanager  may  be  heard 
»ilh  ■oytbiot;  like  certainty,  for  it  is  one  of  our  rarest  summer  visitors.  Not  so  the 
OIJTe-bsoked  Thmehes.  Several  of  the  five  species  are  common  elsewhere,  but  no- 
■htrs  do  thoy  atl  occur  so  abundantly  as  here,  even  tlie  Qray-oheeked  being  uamer- 
•u.  The  above  are  but  a  few  of  many  species  that  throng  the  tree-tops  and  bcnsh- 
I4le*  at  this  time  of  year. 

"To  explain  just  why  this  spot  of  all  otbers  in  the  District  should  be  the  favorite 
nsDrt  for  our  birds  would  be  dilBcult.  Bock  Creek  is  elsewhere  as  well  wooded  aa  it 
ie  bete.  Elsewhere  its  banks  furnish  far  more  picturesque  places,  and  if  we  can 
■nppoee  tliat  birds  are  influencod  in  their  choice  of  a  resort  by  tbe  aiethetic  sense, 
'by  ate  not  such  places  equally  favored  with  their  presencet 

"I  am  inclined  to  believe  that  the  answer  is  to  be  found  in  the  somewhat  prosaic 
nason  that  the  gentle  slopes  of  the  creek  at  this  point  invite  the  early  suushiue,  and 
Iku  tbe  eucoesHlon  of  woods,  thickets,  and  open  spots  favor  the  pi'Ssence  of  insects 
■nil  Ked-prodnciug  plants.  In  other  words,  that  here  the  birds  find  tbe  exact  kind 
«C  ulieller  they  reqntre  and  food  in  abundance. 

"A  liat  of  the  birds  that  are  known  to  have  nested  within  the  limits  of  the  park, 
antll  thoDgh  this  area  is,  wonld  include  almost  all  the  laud  birds  credited  to  the 
Kitriet.  A  catalogue  of  the  birds  of  tbe  District  was  prepared  by  Doctors  Cones 
iMlPrantisa  several  years  since  (1B83),  and  published  by  tbe  National  Musenm  under 
tbeUUeof  '  Avifauna-Col umbiaDa.' 

"As,  however,  having  a  more  iutiwate  relation  to  tbe  Park,  I  subjoin  a  list  of  tbo 
biida  irhich  are  koown  to  have  nested  within  the  Park  area  within  recent  years, 
luy  of  thetn,  it  is  to  be  hoped,  will  refuse  to  recognize  as  valid  the  oxcluiive 
tilk  nf  possession  conferred  by  Cougrew,  ano  will  continue  to  occupy  their  old 
^MMSistheirs  by  squatters' rights.  Others  doubtless,  let  Qs  hope  a  small  minority, 
*111  pcefar  to  yield  their  ancient  titles  and  move  to  moie  secluded  spots  in  the  ad- 
W»ini[  territory. 

"Bat  ninety-one  species  of  land  birds  are  known  to  bteed  within  tbe  limits  of  the 
™rict,  and  the  following  list  shows  that  of  this  unmber  sixty-one  species,  or 
■««  than  76  par  cent.,  breed  regularly  or  occasionally  within  tbe  Park.  The 
•"PMior  advantagee  it  offers  to  bird  life  will  therefore  be  readily  appreciated." 
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"  Xitt  0/  bird*  nttling  within  Ih*  National  ZcoUtgioal  Fork, 


Popnlirume. 

BolratlBo  D*D*. 

PopDlunUM. 

BoiOBtifiD  II*B& 

Summer  taum 

Bauih-oUiged    **•!' 

TonlBd 

Vq»«p.«». 

Cedar  miwiog 

Bed-efedtireo 

Y>lla«.bUI>dBDckoo.. 

Black-biUod  onokDO.-. 

Wmrbllag  vireo 

T-iruf^tou. 

rirujlai^mu. 

OervUalcvm. 

Whll«-eyed  Tlnn 

Btwk  ud  vhita  nr- 

jrnMOW  rar«a. 

bl«. 

IVcwAilu  eslubrii. 

BDbjr-throkbgd     hiiiii- 

FniriewHbler 

OnHinistUeoiler. 

LoDlilaiu 

thrtub. 
Kentnoky  wurbldr.... 

Hwyiand     ;ellciw- 
tbroet. 

Wwdnewas 

CmWinMnrcFu. 

AudluBfuloher... 

Ysllow-bnMted  ohal . 

IftenacruTM. 

ItUn»3<M»ta. 

BUUnoraoriols 

Buropaui  booM  »j»t- 

Ckmllok  «i»ii 

Ai»riiiUKoMaDeh..- 

Spiniulrtnu. 

White-bTOHted    not- 

Jmnwdramuf  i.  jkuhtv 

hulcli. 

Toned  tItraODee 

Parvt  bitebiT. 

ChlFl>I>igiq>.no<r.... 

4><Hjla»eiaJi(. 

Cirotluoblekiidee..- 

ncUipuio* 

«pi»llapu.fll.. 
Jlf.l<»r<<a/a«(<>M. 

Blne-gnf  gnltcateber 

P.[»pttb>«r,.I«. 

Towhee 

AiDeri«iinb(ii 

MilixiaKl. 

IndigabouUns 

H&d;  other  orefttarea  likewise  find  a  natnnl  bonie  within  these  limits,  Mid  thon^ 
no  R7Bt«niatlc  colleotlon  baa  yet  been  made,  there  hati  been  ohHerved  daring  th«  sea- 
son in  the  Park  or  its  immedi&te  vicinity  the  couniou  woodcbuck,  the  cotton-tkil 
rabbit,  tbe  Virginia  aposaom,  and  the  fifing  aqniml. 

BOTANY  OP  THK  ZOOLOGICAL  PABK. 

An  examination  or  tlie  flora  bas  been  made  b;  Mr.  W.  Hnnter,  an  employ^  of  the 
Park  and  a  competent  botanhit,  who  received  advice  and  aasiatance  £n>m  Prof.  Lostor 
F.  Ward  and  Prof.  W.  H.  Enowlton.  Tbe  list  of  plantA  is  necessarily  incomplete, 
owing  to  tbe  fact  that  the  observations  did  not  commence  nntil  late  in  the  seBaon. 
Ezolading  tbe  trees  a  list  of  wbioh  has  already  been  givea,tbefaUowlDg  worenoted: 
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ClMiktnj  Tirjciniuui,  L. 

AiumiisUb  tluUietroidw,  Spacfa. 

ifiUDODe  7u£iniaiia,  L. 

H^itie*  tnloba,  Chaii. 

Eunocnlnj  tepena,  L. 

Buuncnlna  i«peiu^    L.,    vat.   hiepldiu, 

Tdir.  and  Qmy. 
Aimiitnm  ascinBtnni,  L. 
Cimicifaga  nMmou,  Matt. 
Anminft  trilolM,  Dnnkl. 
HaiiiiMniitiiii  CanadenM,  L. 
IMapbjUam  peltetDm,  L. 
SuigutDuia  Cauftdeuais,  L. 
Nutartiom  palnatre,  D.  C. 
Vutartinn]  Armoracia,  Fries. 
BMtvTtt  mlgaiia,  B.  Br. 
AnbEg  C*ii*deti*[«,  L. 
Dentiria  luiniata,  Hafal. 
Dnba  Tenia,  L. 

Capnlla  Bnna-putoria,  Ho«ncb. 
LepldiDiD  VirfjinicaiD,  L. 
L«]i«»  minor,  Walt. 
^i»U  cacDilata,  Ait. 
TioU  ugitteta,  Ait. 
Tiob  psdata,  L.    Id  bloom  October  21, 

1!9D. 
Tiolapedata,L.,  TU.  bicolor,  Parsb.  In 

bloom  October  9,  1B90. 
Mjpi^  TBrtioLUata,  L. 
IHuitfaiu  Armeria,  L. 
BapoDiria  offlciaalia,  L. 
Kl<M«telUta,Ait. 
ComUdd]  Tiacoanin,  L.  - 
SteDatia  media.  Smith. 
SWIuia  pobera,  Hiohx. 
^fcbiadlchotoma,  Uiehs. 
^ulacaoleracea,  L. 
Cl»J(onia  Tirginic»,  L. 
^XTWin  Cmx-Aadree,  L. 
Hfparienm  perforatum,  L. 
BTpetienm  maonlatnm,  Walt. 
BlpCTitom  DmtiloDi,  L, 
BnnricDm  nndioaale,  Walt. 
>Uly«rotiindlfolla,  L. 
^•piDoaa,  L. 
Uiatllon  AviceDna,  Gaertn. 
LinnmVirglniannm,  L. 
''<**&inm  maculatDDi,  L. 
Oulit  TloIaccA,  L. 

•hiliiconiicalaU,  L.,  Tar.  striota.SaT. 
»P»ti«M  pallida,  Nntt. 
ImpatieMfnlva,  Kntt 
EoanynmaAmericaaaa,  L. 
ftl»*n»»candeiw.L. 
f^othni  Americanite,  L, 
*iti»Labnuca,L. 


Titia  leetivalie,  Miclu. 
Title  cordifolia,  Lam. 
Ampelopeie  qninqaefblia,  Hlobz. 
Staph  jlea  trifolia,  L. 
Bbne  typhiita,  L. 
Bhos  glabra,  L. 
Rhus  oopalllDa,  L. 
Bhaa  ToiioodendMn,  L. 
Baptisia  tinctorla,  R.  Br. 
TrifoUnm  arreoM,  L. 
Trifoliam  prateuie,  L. 
Triroliom  repens,  L. 
Tephroeia  Virginiuia,  Pen. 
Styloeaothee  elatior,  Swarti. 
Deamodium  nodifloram,  D.  C. 
Mliom  paulonlatnm,  D.  C. 


Fhaaeotaa  perennie,  Walt. 
StropboBtf  lea  pednociilariB,  Ell. 
Caeaia  Chamnorista,  L. 
Caeaia  niotitana,  L, 
Spirtea  Amncus,  L. 
RabUB  ocoideDtalis,  L. 
Rabna  villoaaa,  Ait. 
Bnboa  Canadenus.  L. 
Ueam  albam,  Gmel. 
Fragaria  Tirginlana,  DocliMtie, 
Pot«ntilU  NorveglcB,  L. 
Patent!  Ua  Canadeoeia,  L. 
Agrimonia  Enpatorf  a,  L. 
Agrimonia  parriflora,  Hook. 
Boaa  lucida,  Ehrh. 
Boaa  Carolina,  L. 
Saxifraga  Virginiensia,  Michx. 
Heacheia  Americana,  L. 
Hydrangea  arboreReeoB,  L. 
Penthomm  aedoidea,  L. 
Caphea  viecoaiasima,  Jacq. 
Epilobiam  coloratam,  Hubl. 
Ladwigia  altemifolia,  L. 
Lndwlgia  paluatria,  Ell. 
CEnotbera  biennis,  L. 
(Euotbera  frnticosa,  L. 
Qanra  bieunia,  L. 
Ciiofea  Latetiana,  L. 
Faaaiflara  Intea,  L. 
Sanionla  CanadeDBls,  h. 
Clcata  maonlata,  L. 
Cryptotenia  Canadenaia,  D.C. 

ipinm  barbinode,  Nntt. 
Angelica  hiranta.  Ho  hi. 
Danona  oarota,  L. 
Aralia  nndicanlia,  L. 
Comna  atolooifera,  Micbi. 
SambnoDa  Canadenala,  L. 
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Tibarnnm  pninifoliam,  L. 

Vibnmnm  deatAtnm,  L. 

Lonicerft  Bemperrirens,  Ait. 

Cephalantbiii  oooidentalis,  L. 

Eonatonift  parpaMa,  L. 

Houstonia  oem1e»,  L. 

Hitchellft  repens,  L. 

Diodia  teres,  Walt. 

Oallnm  Apftrine,  L. 

Oalinm  trifloram,  UIclix. 

Galium  plloenni.  Ait. 

VenioDia  NoTeboracenalt,  Wllld. 

ElephantapnB  Carolinianiu,  WiHd. 

Enpatorinm  parpnreDiii. 

EnpataTimn  perfoliatniD,  L. 

EnpfttoriDin  ageratoldes,  L. 

Eapat-orinin  craleetiDnm,  L. 

CfarTBoptis  Uarlaoa,  Natt. 

Solidago  bicolor,  L. 

Solidago  bicolor,  L.,  tot.  oodooIot,  Gray. 

Solid  ago  cmaik,  L. 

Solldago  nlmifolia,  Unhl. 

8olidago  nemoralia.  Ait. 

Solidago  lanueolata,  L. 

Solidago  CinftdeDsit,  L. 

SericocarpDB  conyEoldes,  Nmi. 

Aster  corymlKioos,  Ait, 

Aster  patena,  Ait. 

Aater  nndulatna,  L- 

Aater  ericoideo,  L. 

Aster  panicalatiiH,  Lam. 

Aster  pnuiceuB,  L. 

Aster  llDHrlif olios,  L. 

Erigenm  Caoadenaia,  L. 

ErlgeTOD  bellidifoHoB,  Unhl. 

Etigeron  anDoaa,  Pera. 

Erigeron  strigoeDs,  Muhl. 

Antennaria  plaDtAgloirolia,  Hook. 

Gnaplialiam  poly oepbalum,  Hichx. 

Polymnia  CauadoDSis,  L. 

Silphinm  trifoliatam,  L. 

CbrysogODum  Virgin  i  an  am,  L. 

Ambroeia  trlflda,  L. 

Ambrosia   ttlfida,  L.,  Tar.  iotegrifolia, 

Gray. 
Ambrosia  artemissfolin,  L. 
Xantblnm  stramariam.  L. 
Ecllpta  pTooDmboDB,  Hiobx. 
Rndbeakia  fnlgida,  Ait. 
Rndbaokia  laciniata,  L. 
HeliaDtboB  diyaricatus,  L. 
Holiantlitu  doronicoldCB,  Lam. 
AolinomeriB  sqaarrosa,  Nntt. 
Coreopsis  Tertioillata,  L. 
Bidena,  frondosa,  L. 
Bidena  ohi7aaDtbemoides,  Uicbx. 


BldenB  bipianata,  L. 

HelsDinm  aotnmnale,  L. 

Achillea  HlUerolium,  L. 

An  them  is  arrenais,  L. 

CbryaanthemniD  Lencantbemnm,  L 

Arnica  undicanlia,  L. 

Grecthites  hieracifolia,  Sa£ 

Arctiom  lappa,  L. 

Cnioui  lanceolatuB,  HoflTm. 

Cnicns  altlaalmoa,  WiUd,   var.  diMoIra, 

Gray. 
Cnioas  altissimns,  WiUd. 
HieraoiDiD  venoanm,  L, 
Tanucacnm  offlclnale,  Weber.    In  bloom 

Oct.  9, 1S90. 
Cbondiilla  junoea,  L.     Opposite  upper 

Lactoca  Canadenaia,  L. 

Lactnca  Canadensia,  L.,  var.  int^riMi*, 

Torr,  &  Gray. 
Lactnca  leucopfaca.  Gray. 
Prenanthea  aerpeDtaria,  Parsh. 
Lobelia  sypbilitica,  L. 
Lobelia  spicata,  Lam.' 
Lobelia  inflata,  L. 
Speoalaria  perfoliata,  A.    D.  C. 
Gaylussacia  resinoBa,  Torr  &  Gray. 
Vaccinium  vacillaus,  Solander. 
Epigtett  repens,  L. 
Gaultberia  procnmbens,  L. 
Leocotboe  racemoaa,  Gray. 
Kalmia  latifolia,  L. 
RbododendroQ  nndlflonim,  Torr. 
Cfaimaphilaambellata,  Nntt. 
Chimaphila  macnlata,  Purab. 
Monotropa  nniflora,  L. 
Steironemaeiliatam,  Raf. 
ChioDanthns  Virffinica,  L. 
Apooyunm  canuabinnm,  L. 
Asolepiaa  tuberoea,  L. 
Sabbatla  angalaris,  Parsb. 
Phlox  macnlata,  L. 
Polemoninm  reptans.  L. 
Ellisia  Nyctelea,  L. 
CjnoglOBBnm  Virginionm,  L. 
EcbiDoapermam  Virginicnm,  Lebm. 
Ecbinm  vnlgare,  L. 
Ipomcea  bederacea,  Jacq. 
Ipomiea  pnrpnrea.  Lam. 
Ipomcea  lacQDosa,  L. 
CoHTolvnlns  apitbamtene,  L. 
Solannm  nigtnm,  L, 
Solannm  CarollDense,  L. 
Physalia  pobesceoa,  L. 
Datnra  etraronninm,  L. 
Datura  tatnla,  L.^ 
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TnbaMnin  Tlupsta,  L. 

TwbaMDm  BUtUria,  L. 

LlDuii  vnlgKris,  Hill. 

SdophnlBriM  Dodoaft,  L.,  T»r.  Maryland- 

iu,  G»y. 
CbelODO  ^bn,  L. 
Mimnloi  ringena,  L. 
HjmdUim  riparia,  Baf. 
Tminica  officinalis,  L. 
Oerudia  pedioalarU.  L. 
Ofiudia  flATa,  L. 
Gcrudia  tmoUblia,  Tahl. 
Ptdicolaria  CaDBdensiB,  L. 
EpiphegQs  Tirginiana,  Bart. 
Tacoma  ladicaDB,  Jqm. 
Eodlia  oUioaa,  Panb. 
DiiDtlMra  Americana,  h. 
Fhryma  Leptoatocbya,  L. 
Taibena  nrticMfolia,  L. 
Tricboatwna  dicbotonitim,  L. 
CollinKiDia  Caaadenria,  L, 
UcDtba  CauadeDBis,  L. 
L^Mpna  Tirgiuicni,  L. 
hjtopoM  siniiatai.  Ell. 
Conila  Uariana,  L. 
FjCDanUieniniii  iDcannm,  Uicbx. 
Cilamintba  Nepeta,  Link. 
Calainintha  CliDopodiam,  Bentb. 
RtdMHua  pnlegioidcB,  Pecs. 
Stlria  Ijrsia,  L. 
Hoaatda  Qatalosa,  L. 
LtphaatbnB  nepeloidea,  Bentb. 
N^eta  Glechoroa,  tientb. 
Bentdlatia  lateriflora,  L. 
Seatellaria  Mrrata,  Andreira. 
SrateUaria  piloia,  Uiohx. 
Bnmella  mlgaria,  L. 
Uuuinin  amplexicanle,  L. 
Plmtago  major,  L. 
Piaatigo  Bagalii,  Decane. 
Plintago  lanoeolata,  L. 
Amanntaa  panioalatns. 

imaranlofl  retrofleioa,  L. 

Amamitua  epinoeaB,  L. 

CbeDopodinm  albnm,  L, 

CboiopodiaiD,  aaibroaioidea,  L. 

Pbjtolacca  deeattdra,  L. 

Polfgonom  orientale,  L. 

PeljgoiiDm  FennBylranioniii,  L. 

Pdjgoniun  Virgin i an nm,  L. 

I^Jiannin  aTioalare,  L. 

PoljgoDnm  erectnm,  L. 

Poljpiniici  eagittatnm,  L. 

■"^JgotiiuiidDiDetomni,  L.,  rar.  leandens, 
Qnj. 

*M»iCTiip(u,L. 


Bumei  obtnsifolionn,  L. 

Bam  ex  Aoetoaella,  L. 

Aaamm  CanadeDB«,  L. 

Aristoloohia  Seipentaria,  L. 

Liudera  Benzoin,  Heiener. 

Enphorbia  macnlata,  L. 

Enpborbia  hypercifolia,  L. 

Euphorbia  corollata,  L. 

Acalypba  Tirginica,  L. 

Laportea  Canadentis,  Oaudichaad. 

Pilea  pamila,  Gra; . 

Btebmeria  ojlindrica,  Willd. 

AIdob  Berralata,  Ait. 

Cory  I  OB  Amerioana,  Walt. 

Salix  hnmlliB,    Hanball.    Abore  lower 

quany. 
Ariicema  tripbyllan),  Torr. 
SymplooarpDs  fotidng,  BaliBb. 
Ore  hie  Hpectabili*,  L. 
Goodyera  pabMoena,  R.  Br. 
Corallorbiza  odontorhiaa,  Natt. 
Hypoxya  ereota,  L. 
Dioacona  vilhwa,  L. 
Smilax  ratandifolia,  L. 
Smilax  glaaca,  Walt. 
PoljgoDatnm  hi  flora  m,  Bll. 
Smilaoina  raceoKwa,  Deaf. 
Erytbrooinm  Aiaertcanuro,  Smitli. 
Uvalaria  perfoliata,  L. 
HedeolaVirgioica,  L. 
Lnsala  caDipeatriB,  DC. 
JnaouB  leDDia,  Willd. 
Tradeeoantia  Virginies,  L. 
Cyperaa  BtrigoanB,  L. 
CyperoB  ovularia,  Tore. 
Rhf  nehospora  glomeiata,  Vabl. 
Cares  platyphylla,  Carey. 
Leersia  orysoidee,  Swartt. 
Pblenm  prateoae,  L. 
Cynodon  Dactyloo,  Ten. 
Brachyelytram,  ariBtstiini,  Beanv.  ■ 
Elensine  Indioa,  Giertii. 
MnblenbeTgia  Hezicaua,  Trin. 
UablcDbergiadiffaBB,  Sobreb. 
Daetylia  glomeratB,  L. 


Poaai 


la,  L. 


Pea  coupresaa,  L. 
Poa  prateosia,  L. 
Poa  breTifolia,  Mnbl. 
BragroatiB  m^jor,  Hoat. 
Entgroetia  pectinaoea,  Gray. 
Bromna  aecalinna,  L. 
Elymaa  Tirginicaa,  L. 
Elynms  Btriatna,  Willd. 
Paapalam  eetaoenm,  Miehs 
Panlonm  saDgninale,  L. 
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Panianm  Ifttlfolinm,  L.  Aspleoium  thelypteroidea,  Hiobx 

Panioum  microoftrpon,  Hnhl.  AspIeDJnm  Filii-fremina,  Beroh. 

Panicnm  diohotomuin,  L.  PhegopteriB  beiagonoptera,  F«e. 

Panicam  CruB-galli,  L.  Aspidiam  Novaboracenie,  Sirartt. 

Setaria  glauca,  Beanv.  Aspidiani  Fnix-mao,  EwartE. 

SeUria  virldis,  Beanv.  Aspidlam  acrostichoides,  SwarU. 

Eriaotlias  aaechsroides,  Uiclix.  Cystopterii  fragilia,  Berob. 

Andropogon  fnscatUB.  Oaoclea  senslbtli. 

AndropogOD  TiTgioicn*,  L.  Dicksonia  pilounscula,  Walld. 

Eqaisetatii  hjemote,  L.  BotrycLium  ternalum,  Swartc,  vm.  obli- 
Poljpodiam  Tnlgare,  L.  qunui,  Milde. 

Pterii  aqnilino,  L.  Botrychium   tematum,  Swartt,  vnr.  dii- 
Adlantnin  pedalam,  L.  HCtnm,  Hilde. 

ABpleiilum  TrichomaaeB  L.  Botrychium  VirgiDiaunm,  SvkrU. 

AspleniDm  ebeneam,  Ait.  Lycopodinm  oompIaDatiiii),  L. 

OBOLoar  OF  tur  zoological  park. 

A  special  report  upon  the  geology  of  the  Park  has  been  kindly  furnisbM  by  llr. 
W.  J.  HcGee,  geologist  to  the  Geological  Survey. 

"  Tbere  is  traDsmitted  herewith  a  geologically  colored  uiap  of  the  National  Zoolog- 
ical Park. 

"Except  that  the  pK  vail)  Dg  rock  formation  is  complex  in  Btractareatidorageaut 
yet  deBattelf  determined,  tbe  geology  of  the  Park  ie  exceedingly  simple.     Hie  for- 


Recent Allnvjnm. 

Pleistocene.... Col ambia  loam  and  gravel. 

Cretaoeoua  (f) Potomao  gravel. 

I  Piedmont  gneiss. 

Archean  (t) <  Vein  quartz. 

(  Steatite. 
"  In  addition  to  these  well  characterized  formations  tb«Te  Is  a  limited  variety  of 
residna  left  on  decomposition  of  rock  in  place,  of  torrential  or  overplacement  depos- 
its formed  by  iraab  adown  elopes,  etc. 

*'The  recent  allavium  is  confined  lo  the  obannel  and  flood  plain  of  Book  Creek.  It 
consists  of  loam,  sand,  and  gravel  partly  derived  from  the  older  formations  irithia 
the  Park,  bat  mainly  brought  in  b;  Rook  Creek  from  beyond  the  limits  of  that  reser- 
vation. These  materials  are  sometimes  irregnlarly  stratified,  bnt  again  assorted  into 
ebeeta,  sand-banks,  gravel-bars,  and  more  extended  stretches  of  loam.  It  sbonld  be 
observed  that  tbe  alluvium  area,  together  with  the  channel  meandering  through  it, 
are  coterminous  wit  h  tbe  flood  plain  of  Bock  Creek,  and  benoe  are  sabject  to  over- 
flow dnring  great  fresbets. 

"The  Colnmbla  formation  is  a  deposit  of  loam,  gravel,  bowlden,  etc.,  formed  dar- 
ing the  first  ice  invasion  of  the  glacial  period.  Its  age  in  therefore  early  Pleislooenr. 
About  rivers  tbe  formation  commonly  consists  of  two  members,  the  upper  a  homoge- 
neous loam  commonl;  red  or  brown  in  color,  and  the  lower  a  bed  of  sand,  gravel, 
cobble-stones,  Bn4  bowlders  commonly  stained  brown  by  ferric  oxide,  sometimes 
Btratifled,  and  here  and  there  displaying  a  peculiar  black  stain  which  ta  mainly  fer- 
Tuginona,  but  has  been  found  to  contain  a  trace  of  cobalt.  Along  the  riven  of  the 
Middle  Atlantic  slope  the  formation  is  sometimes  fashioned  into  terraces;  and  wme 
of  its  beet  developments  in  the  District  of  Colombia  (from  which  the  name  is  taken) 
are  terraclfonn.  In  tbe  Park  tbe  deposit  displays  the  nsnal  division  inio  a  enperior 
loam  and  an  inferior  bed  of  coarse  materials;  and  the  usual  topograpblo  form  is  as- 
sumed since  the  deposit  is  practically  confined  to  the  pine-olad  terraoe  or  bench  north 
and  west  of  Rock  Creek,  in  the  central  part  of  the  reservation.  The  formation  is  in- 
deed confined  to  these  terraces,  save  that  an  ill-defined  and  perhaps  scarcely  continn- 
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ons  ipar  flxtenda  into  the  little  Talley  of  the  bruich  that  foroB  the  principal  ftfflnent 
oT  Bock  Creek,  ftud  that  another  spiiT  (from  which  the  loain  baa  been  wHhed,  Uy- 
iog  buB  the  cuarte  materials  of  the  inferioT  member)  extends  BOntheaatward  beyond 
the  tensee-acarp  toward  the  apper  angle  id  tbeoonne  of  Bock  Creek.  Tbered  loam 
of  the  npper  member  waa  derived  mainly  from  the  Piedmont  gneiss  of  the  vppec 
reacbesof  Sock  Creek;  while  the  lower  member  conaista  of  eand  and  some  loam  from 
lbs  same  scarce,  well-ronnded  pebhlea  and  cobble-stones  from  the  Potomac  formation, 
angnlar  or  slightly  water-worn  fragments  of  qnartz  from  the  veins  of  that  material 
cutting  the  gnein  both  within  the  Park  and  beyond  itslimita,  liowlders  of  gneiss,  etc. 
"The  Potomac  formation  is  B  aeries  of  sanda,  clays,  anti  gravels  extending  from  tba 
BMitoke  to  the  Delaware,  bnt  best  developed  along  the  Potomac  Hiver,  in  honor  of 
wbich  the  formation  was  christened.  The  age,  determined  through  paleo-botany  by 
r  Footaine.ia  early  Cretaceous;  determined  from  vertebrate  paleontology  by 
rHaish,  is  Joraaaic;  and  aa  determined  by  physical  geology  the  lormatlpn 
irpitaunta  the  beginning  of  the  Cretaeeons.  Along  its  weateromost  margin  the 
fonnation  is  Dsnatlj  represented  by  ontlying  patches  of  gravel  commonly  crowning 
tminencea;  and  this  is  the  ebaracMr  displayed  in  the  Park.  Five  small  areas  only 
oceiir  ID  the  reservation :  There  is  a  remnant  retaining  the  original  atmctnre  crown- 
iDg  tbe  second  greatest  eminence  in  the  northweatern  part;  there  are  twoemall  rem- 
niDti,  one  certainly  displaying  the  original  stmctnre  upon  the  eminence  occnpied  by 
lbs  Holt  mansion  in  tbe  sontheastern  comer  of  the  reeervation;  there  ia  a  fourth 
ntniisnt,iTbichmayl>nin  place,  bntisprobablyaresidnnm  let, down  and  disturbed  by 
tbadecay  of  the  subjacent  gneias,  mid-length  of  tbe  eonthwestem  boundary;  and 
there  is  another  small  area,  which  Is  certainly  residual  in  the  northeaatam  portion. 
These  remnants  and  others  of  like  character  beyond  the  llmita  of  the  Park  are  (J 
tqweial  iot«ieat  in  that  tbwr  cobble-atones  were  eztessively  used  by  aboriginal  men 
tm  the  manafactnre  of  rode  implements.  Modern  man  also  utilieea  the  cobbls-stonea 
*ileni(ively  for  road-mitkiDg  and  other  purposes. 

''The  Piedmont  gneiss  is  a  vaat  complex  of  crystalline  rocka  extending  from  Ala- 
buna  to  New  Jersey.  Uany  rock  varieties  are  recognized  within  the  complex;  bat 
Ihtj  have  not  yet  been  systematically  differenttat«d  thronghont  any  considerable 
put  of  the  terrane.  Within  the  Park  tbe  prevailing  rocks  are  schists  varying  in 
tnopositioo  from  place-to  place,  and  varying  also  in  dip  and  strike.  In  general  the 
dip  ia  high,  soiuetimee  nearly  vertical,  and  tbe  prevailing  strike  is  northerly  and 
notberly.  The  gneiss  is  the  prevailing  formation  of  tbe  Park.  It  Isoverlain  in  part 
brsUuTiniD  and  by  the  Columbia  formatioo,  as  welt  as  by  the  isolated  remnants  of 
the  Potomac  formation;  and  elsewhere  it  has  been  decomposed  to  a  conaiderable 
depth  M  that  it  is  concealed  by  a  mantle  of  materiala  derived  from  its  ovn  destmction 
tithei  in  place  or  carried  down  slopes  by  gravity  and  the  wash  of  storm  waters.  This 
nutotle  of  decomposed  rock  may  be  20,  50,  or  even  more  feet  in  tblckneaa,  and  nroba- 
bly  sTsrages  no  leas  than  15  or  SO  feet  over  the  entire  reeervation.  So  profound  haa 
been  this  decomposition  of  the  crystalliae  rocks  that  expoanres  occnr  only  in  the 
Meeper  blnfia  where  Rock  Creek  haa  corroded  rapidly  during  the  later  Neocene,  Pleis- 
tocene, and  recent  timea.  The  rocks  of  the  Piedmont  belt  are  seldom  snlBciently 
lnn,Eongh,  and  durable  to  yield  valuable  bnildiogatoaee,  and  within  the  Park  tbey 
fiTB  little  promise  in  this  direction.  At  three  points  only  Is  the  promise  even  fair : 
Ii  the  extreme  norcbweatem  corner  of  the  reservation,  toward  the  northern  end  of 
^  old  quarry  mid-lengtb  of  the  eastern  side,  and  in  tbe  old  qnarry  opposite  Adama's 
WlL 

"Within  the  Park,  aa  beyond  itelimiU,  the  Piedmont  gneiases  are  frequently  infer- 
■Mted  by  veins  of  qnartz.  Tbeae  range  from  eheeta  bnt  a  fraction  of  an  inch  thick 
t°  [rait  massea  many  yards  across.  Some  of  the  more  conspicaons  examples  bave 
Wn  mapped.  No  law  governing  the  trend  or  iucliuation  of  these  veins  is  indicated 
b;  tb«ge  exposures,  and  no  anch  law  has  thns  far  been  formulated ;  bnt  although  the 
■^laKDn  of  tbe  quartz  veins  to  the  gneiaaea  is  not  apparent,  there  is  an  obviooaiel*- 
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tion  betwMn  theM  obdurate  roolc  musM  kod  th«  topograpby.  IIK17  of  then  mppeu 
ID  emiuenoes  or  id  ths  extraniitiM  of  uliftnU  JattiOK  Btrumwud  from  the  gMwnl 
upland  1  and  aveu  where  they  bare  not  been  obeerred  tbeir  existenoe  may  be  m- 
peeted  in  all  the  mors  abarply-ont  MUenta. 

"  The  Piedmont  ({neiu  Tarieafrom  place  toplaoeln  mineral  eompoaition  aa  wall  «• 
In  atraotnre,  and  now  and  tben  aheete  or  maaeea  of  ateatite — the  aoapetone  of  IIm 
aborigines  and  earl;  white  settlers— may  be  fonnd.  Tbis  la  trae  within  tbe  Park  u 
well  as  i)eyoDd  ita  limits,  and  attwopointaqnarriOiifaaTebeenopenedfor  tbeextna- 
(ioD  of  these  matariala  for  iudnatrial  pnrpoaea. 

"ThetopographiooenQgarationof  the  Park  ia  well  shown  open  themap.  lliagnM- 
fblly  carved  hilla  and  ateep  ravines  characteristic  of  the  oonntry  aboat  the  NatioMl 
Capital  here  lepreseot  the  work  of  Book  Creek  during  agea  of  erosion,  and  from  hiUi, 
vallej'B,  and  ravinea  the  systeniatio  geologist  reads  a  record  of  erouoo  npon  linn 
first  determined  by  rock  structure,  afterward  modified  by  the  snperposib'on  of  anei- 
tfaiaiTe  formation — the  Potomac — and  fioally  developed  under  tbe  inflaeooe  of  Umw 
conditions  affected  allMit  by  the  structure  of  the  rooks  reached  by  the  stream  in  tb« 
latter  stages  of  ita  cutting.  It  la  by  reaaon  of  tbe  varied  ooaditiona  reprvMnted  in 
thia  complicated  history  that,  while  the  configuration  is  oommonl;  a4J<i*ted  to  tlis 
hard  quartz  veins,  then  are  eases  in  which  qoarta  and  topography  are  maniiiBrtly 
independent  in  their  diatribntion. 

"The  Park  is  watered  as  well  as  drained  by  Book  Creek  and  a  few  spring-ban 
streamlets.    Within  the  reservation  tbete  are  two  walled  springs,  two  othentbsl 
have  received  some  attention,  and  a  number  of  minor  aeepa ;  bnt  the  yield  of  thtsa 
aprlnga  ia  trifling,  nouenow  giving  permanent  atieama  and  all  threatening  to  dimioiA 
as  theanrface  ia  further  deforested  or  trampled.     Wells  of  small  yield  may  doabtlMi 
be  Cbnnd  by  excavating  in  nearly  any  part  of  the  Park ;  bnt  the  Potomac  and  CoIbd- 
bia  areas  are  too  small  to  afford  reservoirs ;  the  dips  of  gneiss  are  too  staep  to  fin 
atroug  anbterraneau  streams,  and  the  atrnatare  of  the  pMvailiug  fonnation  i*  tw 
complex  to  permit  determination  of  such  small  sntitemnean  water-ways  as  mar    . 
exist;  moreover,  wells  east  of  Bock  Creek  will  inevitably  be  contaminated  withiD*   ( 
few  years,  if  not  at  preaeut,  in  eonieqaence  of  the  recent  spread  of  population  ov«    . 
the  a<Uaceot  uplands;  and  there  ia  proapeotive  danger  of  like  oontamination  westat    ^ 
the  water-way.    Accordingly  the  Park  mnst  took  either  t«  Book  Creek  or  beyond  iti    i 
own  limits  for  permanent  water  supply." 

Unmistakable  signs  of  Indian  occupation  have  been  fbnnd.  Piofeasor  Holne>.  j 
the  archfeologistof  theOeologloalSorvey,  made  a  oorefal  examination  of  the  bowldtr-  1 
beds  of  the  Potomac  formation,  and  fonnd  many  chipped  implements,  showing  that  { 
here,  as  elsewhere  in  tbe  Rook  Cieek  region  the  qnartzite  pebbles  ore  aliaped  biM  < 
weapons  While  moat  of  those  found  were  the  imperfectly  formed  and  rqf'**'  ' 
stones,  some  portiona  of  finished  bladea  were  discovered.  It  ia  not  Impmbabletbal  I 
an  In'dion  village  once  existed  within  tbe  Park  llmita,  near  the  soapatone  qnaity  oa  ! 
tbe  eastern  side  of  the  creek.  1 

At  thA  cloae  of  the  fiscal  year,  tbe  development  and  adaptation  of  thia  be«ntifsl    | 
region  to  the  porpoees  of  a  zoological  park  were  already  commenced ;  competent    ; 
profeeaional  advice  was  procured,  and  plans  were  nnder  consideration  for  aecomno-     ' 
dating  the  animals  now  in  the  collection  and  those  that  will  shortly  be  Added. 
Beepectfnlly  submitted. 

Fbakk  Baker, 

Mr.  8.  P.  Lanqlkt, 

Btorttarf  of  SaiittamiM  /MHteffM. 
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AppEin>ix  rv. 

REPORT  OF  THE  LIBRARIAN. 

Sir:  I  bavs  thn  booor  TCspectfnlly  to  anbnilt  in  j  report  on  the  work  of  the  libraiy 
darinf  the  year  from  July  1, 1889,  to  Jane  30, 1890. 

The  iTorIt  of  reoordin);  and  oaring  for  tbe  oooesaiona  has  been  carried  on  as  dnring 
tbe  pteeediniE  year,  tbe  entry  nnmbeis  on  the  ftcceaeion  book  moning  from  193,431 
loSOT.lTSu 

The  folloirlng  condensed  statement  ahows  tbe  character  and  nnmber  of  tbeee 


Pablioationfl  reoeiTod  between  Jnly  1, 1669,  and  June  30,  1R90 : 


■^■^J.^ 

QjjJ... 

TttOL 

5,  KB 

Bar 

1  TBI 

11,4B8 
4,SW 

M.187 

Of  tbeee  poblicaiionfi  8,695  (namely,  ;S5  volnmee,  t;,9O0  parta  of  volamee,  and  1,010 
panpbleta'f  were  retained  for  nse  in  tbe  ITatlonal  Mnaenm,  and  1,059  medical  disaer- 
lations  were  deposited  in  the  library  of  the  Snrgeon-Oeneral,  U.  8.  Army.  Tbe  re 
mainder  were  promptly  sent  to  the  Library  of  CongreM  on  the  Monday  followini; 
their  receipt. 

Among  tbe  mo«t  important  additions  to  tbe  liat  of  aerials  duriug  the  year  may  be 
loeotioDed  the  following  pnblioatlons : 


Advance. 
American  Agiienltnrist. 
American  Apienlturiat. 
American  Arebitect. 
American  Artiaan. 
American  Art  Printer. 
American  Athlete. 

American  Cabinotmaker  and  UpholBt«ter. 

Anerican  Carpel  and  Upbolatwy  Trade. 

Anaricaa  Cbemhial  Review. 

ineriean  Cnltivator. 

^Bericau  Dairyman. 

American  Dmggist. 

^DKrican  Engineer. 

ixKiican  Garden. 

Imrieati  Jonmal  of  Railway  Appliances. 

Anerican  Lithographer  and  Printer. 

Anerican  Machinist. 


American  Miller. 

American  Silk  Jonmal, 

American  Teaoher. 

L'Ami  lie  I'Enfance. 

Annalea  de  VAcBdAm  ie  d' Arch4o)ogie  d'Ao  • 

Annates  de  I'Eitr^me  Orient  et  de  I'Af- 

Aonnat  Report  of  the  Metropolitan  Mn- 
aenm, New  York. 

Annnal  Report  of  the  New  York  State 
Forest  Commission. 

Vnnnal  Report  of  the  Pennsylvania  Acad- 
emy of  Fine  Arts. 

Annual  Report  of  tbe  Providence  Pnblio 
Library. 

Anthony's  Pbofa^raphic  Ballettn. 

L' An  tbrapologie. 

16 
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Afchit«ctiiTe  kud  Baildiog. 
ArotuTes  de  Fhyaiologie. 
ArixoDB  Weekly  Jonnial-HiiieT. 
ABtioBomiHhe  Arbeiten  (K.  K.  OradmeB- 

eangtbnreBO,  Wiea). 
Beoeon  (Photogrspliio). 
Bibliotbecft  Saon. 

Boletin  delHinifttorio  deIndDi>tr1a,Ch<1e. 
Builder  uid  Wood  Worker. 
Bnildiog  Bndget. 
Bnlletin    de    l'Ac»d6mie    d'Arcb^ologie 

d'Auven. 
BnlletJD  dn  Comity  dea  Forges  de  France. 
Bnlletin  of  Uie  Oeogntpbical  Society  of 

Bncbateat. 
Bnlletin  of  the  Public  Library  of  Cincin- 


grapbia. 

Bnlletin  de  la  &ac\it6  de  G^grapbie  de 
Ifarseille, 

Bnlletin  de  la  Soci^ttS  de  Gtegrapbie  de 
Touloiue. 

Briekinaker. 

California  Arcbitect. 

Carpet  and  UpboUter;  Trade. 

Carriage  Uonthly. 

Central  School  Jonmal,  Eeokulc,  Iowa. 

Circolars  of  the  Engineers'  Clnb  of  Kan- 
Bas  City. 

Chicago  Jonmal  of  Commerce. 

Colorado  Bohool  Journal. 

Common  School  Ed  n  call  on. 

Connolsaenr. 

Contribntione  of  the  Old  ResldontA'  His- 
torical Asaociation,  Lowell,  Hnss. 

L'EaononiiBt«  Franeais. 

Ediabnrgh  Cironlars. 

Edncation. 

Edncational  Cnrrent, 

Educational  Jonmal,  Toronto, 

Edncational  Monthly. 

Edncational  Kecord. 

Electrical  Engineer. 

Electrical  Review. 

Electrical  World. 

Entomological  News. 

Farmers'  Reriew. 

Freeman. 

OleaniogB  in  Bee  CnHnre. 

Granite  Monthly. 

Hatter  and  Furrier. 

Husbandman. 

Romiletic  Monthly. 

niimols  School  Jonmal. 


Indiana  School  JoornaL 
Industrial  Rerlew. 
ludoBtrial  World. 
Inland  Architect. 
Inland  Printer. 

Iron  Industries  Gazette. 

Jonmal  du  Ciel. 

Jonmal  of  Comparative  Hediclns. 

Joomal  of  Education. 

Journal  de  I'lnstmction  Publiqne,  Hon- 

treal. 
Jonmal  de  MathJmatiquesfilimentairN. 
Journal  de  Matb^matiqnee  Sp^iales. 
Journal  of  the  Tyneeide  Geographical  So- 

Jonrual  of  the  Unit«d  States  Caraliy  Ai- 
eocjation. 

Lutheran  Chnrcb  Review. 

Magazine  of  Art. 

Magazine  of  Cbrietian  Literatnre. 

Manuel  G^ni^ral  de  I'lnstruction  PrinulM. 

Manufacturers'  Gazette. 

MassacbuBetts  Ploughman. 

Matbesis. 

Mechanical  News. 

La  Hedioina  Cientifica. 

Milling  World. 

Mining  and  Scientific  Freiw. 

Mining  and  Scientific  Beview. 

HiBsonri  School  Jonmal. 

MittheiliiDgendesDentBch-AinerikaiiiKh 

en  Tecbniker-Verbandes. 
Hittbeilnngen    des    Deatacben   wisMD- 

schaftlichen  VereincB  in  Mexico. 
Monitenr  du  Praticien. 
Monvement  G^ograpbique. 
Mueical  Herald. 

National  Car  and  Locomotive  Builder. 
National  Educator. 
North  American  Fauna. 
North  western  Milter. 
Northwestern  Mechanic. 
Nouvelles  Annates  de  la  Constr action. 
Observer. 

Ohio  Edncational  Monthly. 
Orchard  and  Garden. 
Omitbologiscbes  Jahrbncli. 
Palmar^  de  I'lScole  polytechniqne  et  de 

I'acad^mie  Commerciale  Catholiqne  da 

Montreal- 
Paper  and  Press. 
Paper  Trade  Jonmal. 
Papers  of  tbe  American  Aetronondeal  8^ 

ctoty.  ( ^  -i  4  1  [  ■ 
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Phanuaceatical  Era. 
Fholognpliic  Times. 
Popalar  Garden  iDg. 
Popnlu  Science  News. 
Pott^eLalie  Mining  Gazette. 
Pottery  uid  Glanware  Reporter. 
Public  School  Journal,  Bloominfcton. 
PnbUo  Scbool  Journal,  Mount  Waahing- 

toD,  Ohio. 
Pnirie  Fanner. 
ProceedingB  ot  the  Car  Builders'  Aosocia- 

ProoeedingB  of  the  Civil  Engineers'  As- 

•DciatioD  o(  Nebraska. 
Pioceedio^  of  tbe  EngiDeering  Society 

of  Western  Pennsflvaaia. 
PtoceedingH  of  tbe  Long  Island  Historical 

Societr. 
Froeeedinga  of  the  Western  Society  of  En- 

Pinfessional  PaperB  of  the  United  States 

Engineering  School. 
(Jnuterly  Jon mal  of  Economics. 
Railroad  Engineering  Journal. 
Bailiray  Age. 
Railway  News. 
Railway  Beriew. 
Railway  World. 

RMordaof  the  Anstralian  Masoum. 
Records  of  tbe  Bible  Society,  Now  York. 
BMotdt  and  Papers  of  the  Now  London 

Coaoty  Historical  Society. 
Reports  of  the  Boeton  Society  of  Civil 

Engineers. 
Ksports  of  the  Brooklyu  Institnte. 
Reports  of  the  DeuTer  Society  of  Civil 

Esgineem. 
Rfports  of  the  Geological  Survey  of  New- 
Ion  ndUnd. 
BtpoTts  of  tbe  Iowa  Society  of  Civil  Eo- 

pneera. 
S«parte  of  tbe  Iron  and  Steel  Association. 
EeporU  of  the  Michigau  Aesocialiou  of 

Ciiil  Engineers. 
Bcports  of  tbe  National  Civil  Service  As- 


Beporta  of  the  Nebraska  Weather  Service. 
Reports  of  the  Ohio  Society  of  Civil  Eu- 

giueers. 
Reportsof  the  State  Horticnitnral  Society 

i-f  New  Jersey. 
RevistadeCieociasM^dicaa. 
Revista  da  Sociedode  de  Oeographia  do 

Rio  de  Janeiro. 
Roller  Mill. 

St.  Loois  and  Canadian  Photographer. 
St.  Lonis  Miller. 
Sauifondet. 
School  Bulletin. 
School  Education. 
Scbool  Journal. 
Selected  Papers,  Civil  Engioeers'  Clnb, 

Champaign,  Illinois. 
Seoii-Tropical  Planter. 
Sunday- School  Times. 
Shoe  and  Leather  Reporter. 
Southwestern  Jonraal  of  Edacation. 
Spirit  of  the  Times. 
Statistisk  Tidskrift; 
Teacher. 
Techniker. 

Texas  School  Journal. 
Textile  Colorist. 
Transactions  of  the  Canadian  Society  of 

Civil  Engineers. 
Transactions  of  tbe  Geographical  Society 

of  Qoebec. 
TransootioDS  of  the  Itliuois  State  Horti- 
cultural Society. 
Trudy.  Vjestnik  literatury  i  uauki. 
Typograpfaic  Ailvertiser. 
Ulster  Agriculturist. 
Vjestnik  Estestvoioanija. 
Wallace's  Monthly. 
Western  Architect  and  Builder. 
Western  School  Journal. 
Western  Sportsman. 
Wood  Worker. 
World's  Progress. 
Le  Yacht. 

Zei(«chrift  fllr  Katboliscbe  Theologie. 
Zoe. 

Thefollowing  nni  versJtieabave  sent  complete  setsof  all  theiracademic  publications, 
inclnding  tbe  inaugural  dissertations  published  by  the  students  on  graduation: 
Basel,  Bern,  Bonn,  Dorpat,  Erlangen,  Freiburg-im-Breisgau,  Giessen,  Gottiugen, 
Gnifiwald,  Halle- an-der-Saale,  Helstngrore,  Jena,  Kiel,  Kuningsberg,  Leipzig,  Har- 
^rg,  Straaabnrg,  Tfibingen,  Utrecht,  WUrzbiirg,  and  ZUricb. 

Auongotber  important  accessloos  may  bo  mentioned  the  following :  A  coirplete 
Mt  of  (be  catalogues  of  the  Bodleian  Library ;  a  complete  set  of  the  publications 
i(  tbe  National  Civil  Service  Reform  Association;  asetof  tbirtygradnatiogdisserLs- 
linu  delivered  at  the  University  of  Upsala  daring  the  rectorship  of  Linmeas,  pre- 
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seuMd  by  tbe  ilogra  AllmSuna  Luroverb  at  Veaterts,  Sireden ;  a  fall  set  of  the  pub- 
lications of  the  Boftrd  of  Trade,  I.aDdan;  a  f^ll  aet  of  tbe  pablicatioiuof  Coroell 
Uuiveraity,  oomprieiDgSSTolDmea  auil  35paiiiphleta;  Lendenfeldt's  "Monognphof 
lloro;  SpoDgee,"  prewnted  b;  tbe  Royal  Society  ;  two  more  Tolnmes  of  the  Okil- 
lenger  Report,  namely  Vol,  32  of  the  Zoology  and  Vol.  2  of  tbe  Cbemistry  and  Ph;*- 
JC8,  from  th«  British  Ooreramcnt ;  a  large  and  important  Hriea  of  Indian  goTKi* 
nietit  pablicationa  from  tbe  secretary  of  state  for  India,  London;  a  large  mi 
valuable  aeries  of  French  Government  publications,  trota  tbe  Barean  Frangtisdet 
Eobanges  iDtemationauni ;  A.  Hoksllry's  '-MonographiaCliryBididarnm  orbigrem- 
rnm  nniversi,"  from  tbe  Royal  Hnngarian  Aoademy  at  Badapeat  iu  addition  to  tbe 
highly  valuable  aeries  of  pnbticatious  nsually  sent  by  this  academy;  foil  Mta  oF 
State  reports,  etc.,  from  Nev  Jersey  aod  Vermont;  complete  sets  of  charts  and  olbet 
publications  from  tbe  bydrographic  ofQces  of  Gr«at  Britain  and  Bnaeia;  parliament- 
ary reporta  from  Oprniauy  and  Sweden  ;  a  remarkable  oollection  of  photographs  tna 
Uecca,  taken  in  the  Holy  City  itaclf,  entitled  "Bildec  ana  Mecca,"  presented  bytlw 
author,  C.  S.  Hurgronje,  Leideu,  Nethorlands ;  "  Briefivecbsel  dea  GottfHed  Wilhaln 
Leibnitz,"  from  the  Royal  Public  Library,  Hanover;  a  oollection  of  itl  pbyNoal 
papers,  from  Prof.  G.  Gore,  of  Birmingbam,  England;  and  the  following  booka, 
from  the  respective  authors:  "  Throit(;h  and  Through  the  Tropica;  "  "Norsk,  Lapp, 
and  Finn ; "  •'  Land  of  the  White  Elephant; "  "Aronnd  and  Abont  Sonth  AmerieSi" 
by  Frank  Vincent,  jr.;  "ATtfauua  Italica,"  by  Profeaisor  Olglioli;  "Flora  of  Britiah 
India,"  pt.  16,  by  8ir  Joseph  Datton  Hooker;  "Handbuch  der  Gewebelebre  der 
Hensehen,"  by  Prof.  Albert  Kollikcr;  "Von  der  Capstadt  ins  Land  der  MaKbn- 
kulumbe,"  by  Dr.  Emil  Holnb ;  and  "Gypsies  of  Modem  India,"  and  "Ancient  ud 
Uodem  Britoua,"  by  David  MacBitchie. 

Vury  respeutfully  anbmitted. 

JUHM  HORDOCH, 

Libnme*. 
Mr.  8.  P.  Lanolbt, 

Secrelarjf  of  (Ae  SmitkHtniait  JndilHlioa. 
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PUBLICATIONS  OF  THE  TEAR. 

SHITIieONIAN  CONTRIBUTIOKS  TO  KNOWLBDGE. 

Am  iDUitioDed  in  the  last  repoil,  a  ueinoir  on  the  "  Geneais  of  the  Arietldie,"  by 
Prof,  Alph«ita  Hyatt,  hod  beeo  aocepted  for  publication  in  the  series  of  ''Contribn- 
lioDs  to  KaowledKe,"  and  was  id  the  bands  of  the  printer.  This  work  hatiboi-D  com- 
pUMd,  mail  iaeued  during  the  year  aa  No.  673,  in  the  Smithaouian  list  of  publications. 
Itlbrau  a  quarto  volume  of 'J65  pages  (iuci tiding  inlrod  action,  index,  andeiplaua- 
tioai  of  plates),  and  is  illaBtrated  with  3u  figures  in  ibe  text,  6  folding  charto  or 
tables,  and  14  plstea,  of  which  10  are  lieliograpbs. 

No.  €91.  "TheBolac  Corona,  diacussad  by  Sphecioal  Harmonics,"  by  Prof.  Frank 
H.  Bigelow.  This  uiemoir  is  published  in  quarto  fonn  iu  the  xanie  style  us  the  Cod. 
tributions  to  Knowledge,  though  not  designed  to  be  included  iu  the  volumes  of  that 
HMs.  It  compriMa  T&i  p^ea,  and  ia  illuatrated  with  4  diagranui,  uud  1  phototype 
plate. 

No.  G9S.  "Photographs  of  the  CoroDa,  taken  during  the  Total  li^lipse  of  the  Suu, 
Junaiy  1,  168!).  Btcuotnre  of  the  Corona,"  by  David  P.  Todd.  This,  like  the  pre- 
nding,  althoDgh  in  quarto  form,  ia  not  iDteDdedfortheContribntionseriee.  It  oon- 
Bits  of  9  pages  of  text,  with  2  photographic  plates,  ahowing  9  different  views  of  the 
SoUr  CorODk  during  the  tolal  eclipse. 

Ka.731.  VoL  xxvt  of  the  Smithsonian  Contribntiona  to  Knowledge.  This  vol. 
UM  couprisea:  Article  1,  "Besearchea  upon  the  venoms  of  Poisouoas  Serpents,"  by 
8.WeirMitobell,H.D.,  and  Edward  T.  BeicheTt,H.  D.,  published  in  IHSti ;  arlicle 'i, 
"Geneaisof  tbeArietid»,"  by  Alphens  Hyatt, above  described.  Tbiafamu  a  quarto 
volDme  of  xi  +  461  pages,  illuatrated  with  40  wood-outs  and  19  plates. 

SMITHSONIAN   mSCBLIANXOUS  COLLECTIONS. 

No.  6M.  "Beporton  Smithsonian  EzchaDgea  for  the  year  ending  June  30, 1887,"  by 
George  H,  Boehiner.  (From  the  Smithsonian  Report  for  1887.)  Octavo  pamphlet  of 
»Page*. 

No.  695.  "The  Advance  of  Science  in  the  last  HaIf-centnry,"li.vThomasH.  Huxley, 
(horn  the  Smithsonian  Report  for  1887.)    Octavo  pamplilet  of  42  pages. 

No.a96.  "An  Account  of  the  Progress  in  Astrouoray  in  the  year  ltitJ6,"  by  William 
C.Winlock.  (rrom  the  Smithsoaian  Report  for  1HS7.)  Octavopamphlet  of  SSpages. 
No.  6B7.  "Ao  Aooeunt  of  the  Progress  In  North  American  Geology  in  the  year  1880," 
^Nsinn  H.  Darton.  (From  the  Smithsonian  Report  for  ll:i87,)  Octavo  pamphlet 
irfll  pages. 

No.  696,  "  Bibliography  of  North  American  Paleontology  in  the  year  1886,"  by 
MsBelknap  Uaroon.  (From  the  Smithsonian  Report  for  18i7.)  Octavo  pamphlet 
of  57  pages. 

Ho.  fles.  "An  Aeooimt  of  the  Progress  in  Tnlcanology  and  Seismology  in  the  ;ear 
IK"  by  C.  G.  Bockwood,  Jr.  (From  the  Smithsonian  Report  for  1687.)  Octavo 
f>nphletaf24pages,  C 
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No.  700.  "An  Account  of  tbo  Piogreu  iu  Oeograptay  And  Ezplorktion  in  Om  jctr 
IHCffi,"  by  WllUam  Libbey,  jr.  (From  tbe  Smlthaoman  Beport  for  1687.)  OcUto 
pamphlet  of  13  pages. 

No.  701.  "All  Aoconnt  of  tbe  ProgreM  in  Pbjsioa  in  tbe  year  1B86,"  by  Qttage  F. 
Barker.    (Prom  tbe  Smithsonian  Report  for  liSl.)    Octavo  pamphlet  of  60  p*g««> 

No.  70S.  "An  Account  of  tbe  Progress  in  Cbemistry  in  the  year  1686,"  h;  H. 
Carringlon  Bolton.  (From  the  SiiuthBODisn  Report  for  1887.)  Octaro  pamphlctol 
61  pages. 

No.  703.  "Ad  Account  of  the  Progreaa  in  Mineralogy  in  the  year  1886,"  by  Edviid 
8.  Dana.    (From  the  Smithsonian  Report  for  1^^.)    Octavo  pamphlet  of  38  p»gf- 

No.  704.  "An  Account  of  tbe  Progress  in  Zoology  in  the  yeftr  1886,"  by  Theodora 
Oill.    (From  the  Bmitfasonian  Report  for  18S7.)    Octavo  pamphlet  of  46  pagw. 

Ho.  705.  "An  Accoant  of  the  Progress  in  Anthropology  in  tbe  year  1886,"  hj  Olii 
T.  Mason.     (From  the  Smithsonian  Report  for  1887.)    Octavo  pHuphlet  of  45  pago. 

No,  T06.  ''MiacflUaneonH  Papers  relating  to  Anthropology."  (From  tbe  SoiitliMHi- 
ian  Report  for  1887.)  This  collection  comprises:  "An  Indian  Mammy,"  bjJuBEg 
Lisle;  "  Mouud  in  Jefferaon  County,  Tennessee,"  by  J.  C.  McCormick;  "Andent 
Monnds  and  Earthworbs  in  Floyd  and  Cerrn  Gordo  Coanties,  Iowa,"  nith  6  fignn^ 
by  Clement  L.  Webstor ;  "  Indian  graves  in  Floyd  and  Chickasaw  Conntiea,  lowi,'' 
n-ith  1  figore,  by  Clement  I..  Webster;  "Ancient  Mouuds  in  Jobueon  County,  Iowa,' 
with  1  figure,  by  Clement  L.  Websler;  "Ancient  Mounds  in  Iowa  and  WiBConsiB,'' 
with  1  Ugare,  by  Clement  L.  Webster;  "Mouudsof  the  Western  Prairies,"  by  ClenMit 
L.  Webfeter;  "Tbe  Tnana,  Chemakam,  and  Klallamlndiausof Washington Terrilot;,' 
by  Myron  Eells;  "Anchor  Stones,"  with  7  figures,  by  B.  F.  Snyder;  "Antiqnitin in 
Mexico,"  vrith  1  figure,  by  8.  B,  Evans;  forming  in  all  an  octavo  pamphlet  of  HO 
pages,  illnstrated  vith  17  flgnrea. 

No.  707.  "Biographical  Memoir  of  Arnold  Onyot,"  by  James  D.  Dana.  (From  tbt 
Smithsonian  Report  for  1887.)    Octavo  pamphlet  of  30  pages. 

No.  708.  "A  Clinical  Study  of  tbu  Sknll,"  by  Harrison  Alien,  M,  D,  Octavo  pim- 
pblet  of  83  pages,  illustiated  with  8  fignres.  This  is  tbe  lenth  of  the  series  of  "Taner 
Lee  tores." 

No.  709.  "Report  on  the  Section  of  Steam  Traosportation  in  the  U.  S.  Nationil 
Museum,  for  tbe  year  ending  Juno  30,  18ai,"  by  J.  Elfreth  Watkins,  with  8  gilsU*. 
(From  the  Smithaoniao  Report  for  1886,  Part  ii.)    Octavo  pamphlet  of  22  pogea. 

No.  710.  "The  Meteorite  Collection  in  the  U.  S.  National  Mnaenm,  a  Catalogimaf 
Meteorites  represented,  November  1,  1S8G,"  by  F.  W.  Clarke.  With  one  pUte. 
(From  tbe  Smithsooiau  Report  for  1686,  Part  ii.)    Octavo  pamphlet  of  II  pages. 

No.  711.  "Tbe  Gem  Cellectian  of  tbe  U.  8.  National  Maseum,"  by  George  F. 
Knnz.  (From  the  Smithsonian  Report  for  1686,  Part  U.)  Octavo  piioiphlet  of  » 
pages. 

No.  712.  "The  Collection  of  Building  and  Ornamental  Stone*  in  tbe  U.  S.  KatioDal 
Mnseum:  a  Hand-book  and  Catalogne."  With  14  figures  and  S  plates.  By  George 
P.  Merrill.  (From  tbe  Smithsonian  Beport  for  1^86,  Part  ii.)  Octavo  pampUetof 
372  pages. 

No,  713.  "  How  to  Collect  Mammal  Bkins  fur  purposes  of  Stndy  and  for  MoonUng." 
With  11  figures.  By  William  T.  Hornaday.  (From  the  Smithaooian  Report  for  1886, 
Part  II.)    Octavo  pamphlet  of  12  pages. 

No.  714.  "List  of  AceeBsions  to  tbe  U.  8.  National  Mnseum  dnring  the  yearcnding 
June  30,  18S6;  with  descriptive  notes."  (From  the  Smithsonian  Report  for  1886, 
Part  II.)    Octavo  pamphlet  of  109  pages. 

No.  715,  "Cradles  of  the  American  Aborigines."  With  4fifignreB.  By  Otis  T.  Ho- 
•on.     (From  the  Smithsonian  Report  for  1887,  Part  n.)    Octavo  pamphlet  of  52  pagea. 

No.  716.  "  Notes  on  the  Artificial  Deformation  of  Children  among  Savage  and  Civ- 
lizedPooples;  with  a  Bibliography."  By  Dr.  J.  H.  Porter.  (From  the  Sotithsqaion 
Beport  for  1887,  Part  tl.)    Ootavo  pamphlet  of  33  pages. 
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No.  717.  "Tb«  Human  Beut  of  Bnrden."  With  54  Ggnrea.  Ry  Otis  T.  Hmod. 
(ftom  tbe  SmitbiMaiau  Bepoit  for  1887,  Part  ii.)    Octavo  pamphlet  of  59  pagea. 

No.  718.  "£tbao-Cniicboli)j^;  a  Study  of  Primitive  Mooey."  Witb  23  flfiurea  and 
Diiw  plates.  By  Robert  E.  C.  Stearna.  (From  tbe  Smlthsoniaii  Beport  tor  1887.  Part 
U.)    Octavo  pamphlet  of  38  pagea. 

No.  719.  "Tlie  Extennioation  of  the  Ameiicao  Bison."  With  21  plates  and  1  fold- 
ing map.  By  William  T.  Homaday.  (From  tbe  SmithaoDian  Beport  for  1887,  Port  II.) 
Ocraro  pampldet  of  IS4  pages. 

X'o.  T^.  Tbe  Preservation  of  Mnseum  Bpecimena  from  Insects  aod  tbe  effects  of 
DimpneM."  With  5  Qgnres.  (From  the  Smitbaonian  Bfport  for  1887,  Part  II.)  Oc- 
tkvo  pamphlet  of  10  pages. 

No.  T2I.  "  Listof  AccesaioDs  to  the  U.  S.  National  Haaeam.  duriug  tbe  year  ending 
JsneSO,  1887,  with  descriptive not«s."  (From  the  Smithsonian  Report  for  I88T,  Part 
II.)    Octavo  pamphlet  of  129  pages. 

Ko.  724.  "The  George  Catlin  Indian  Gallery  in  the  U.  S.  National  Mnseam;  with 
OKiDoir  and  statistics."  Illustrated  with  138  plates  and  G  folding  maps.  By  Thomas 
DoDoldson.  Prom  tbe  SmitbsoDiou  Report  for  1SK>,  Part  ii.)  Ottavo  volume  of 
tii+939  pages. 

No.  73i.  "Throwing. sticks,  in  the  National  Moseum."  With  17  plates.  By  Otis 
T.  Uasoo.  (From  the  Smithsonian  Beport  for  1884,  Part  ii.)  Octavo  pamphlet  of 
II  pages. 

Tlo.  733.  "Basket-ivorh  of  the  North  American  Aborigines."  With  64  plates.  By 
OtiaT.  Uason.  (From  the  Smithsonian  Beport  for  1884,  Part  ii.)  Octavo  pamphlet 
ot  IG  pagee. 

Ko.  734.  "A  Stndy  of  tbe  Eskimo  Bows  in  the  U.  S.  National  Musenni."  With  13 
plates.  By  John  Murdoch.  (From  tbe  Smithsonian  Report  for  1884,  Partil.)Oc- 
Isvo  pamphlet  of  tO  pages. 

No.  741.  "  Index  to  tbe  Literature  of  Thermodynamics."  Comprising  Part  I,  a 
subject  index  under  54  topics ;  and  Fort  ii,  an  author  index,  with  the  titles  of  pa[iers 
iofnU.    By  Alfred  Tucherman.     Octavo  volume  of  244  pages. 

No.  745.  "  Check-list  of  Publications  of  the  Smithsonian  Institution,  to  July, 
mo,"  Octavo  pamphlet  of  35  pages. 

SMIfHSONIAK   AKNUAL  RRFORTB. 

No.  6S9.  "Aonnal  Beport  of  the  Board  of  Regents  of  the  Smithsonian  Institntion, 
•bowing  the  operations,  eipenditnres,  and  condition  uf  tbe  Institution  for  the  year 
tuding  June  30,  1887.  Fart  I."  This  part  comprises  the  report  of  the  Institution 
proper,  and  contains  tbe  Journal  of  Proceedings  of  tbe  Board  of  Regents  at  tbe  an- 
nual meeting  held  January  12,  18tj7;  the  Report  of  tbe  Executive  Committ4>eof  the 
Board,  and  the  Report  of  Profeesor  Baird,  tbe  Secretary  of  tbe  Institntion ;  followed 
l>f  lite  "General  Appendix,"  in  which  are  giveu  the  following  papers :  Advance  of 
Science  iu  tbe  Last  Half  Century,  hy  T.  H.  Huxley ;  Progress  in  Astronomy  in  1886, 
)?  William  C.  Winlock ;  in  North  American  Oeology,  by  Nelson  H.  Darton ;  iu  North 
Amsrican  Paleontology,  by  J.  B.  Marcon ;  In  Vnlcanology  and  Si'ismology,  by  C.  G. 
Eockwood ;  in  Geography  and  Exploration,  by  William  Libhey ;  iu  Physics,  by  George 
F.  Barker;  in  Chemistry,  by  H.  Carrington  Bolton;  in  Mineralogy,  by  Edward  S. 
Dana ;  in  Zoology,  by  Theodore  Gill ;  and  in  Anthropology,  by  Otis  T.  Mason.  Also, 
[np«rs  on  an  Indian  Mummy,  by  James  Lisle ;  Monnil  in  JplTersou  Connty,  Tennessee, 
I>f  J.C.HcConnick;  Ancient  Mounds  in  Iowa,  etc.,  by  Clement  L.  Webster;  Indians 
rf  Washington  Territory,  by  Myron  Eells;  Anchor  Stones,  by  B.  F.  Snyder;  Antjqul- 
>•«  in  Mexico,  hy  6.  B.  Evans;  concluding  with  a  Biographical  Memoir  of  Arnold 
OoTot,  by  James  D.  Dana.  The  Report  forms  an  octavo  volnu)e  of  xx+735  pagea, 
illDttrated  with  10  figures  and  3  plates. 

No.  Ij90.  "Annual  report  of  the  Board  of  Regents  of  the  Smithsonian  Inatitnte  for 

H.  Mis.  129 6  CtOO^^Ic 


8Z  REPOBT  OF  THE  8BCRETABT. 

the  yeu  eudint;  Jaae  30, 1B87.  Ptrt  ii."  B«liig  tbe  raport  of  th«  opentioat  ud 
ooDdltion  uf  the  U.  8.  National  MnMum.  ThiB  pftrt  contains;  1.  The  nport  at  Uie 
aaaidtAut  secretvy,  O.  Browu  Ooo(t«,  upon  tbe  condltlOQ  and  progre«B  of  the  Uuuun. 
2.  Itoporta  of  the  cnraUm  of  the  different  departments.  3.  Papers  illastrative  of  tba 
collectiouain  the  U.S.  National  Huseam.  4.  Bibliograpfaj  for  the  year,  iDolading(l) 
the  pnblicationB  of  the  National  MtiMnD),  and  (2)  papers  bj  officers  of  the  Nati<nal 
Hnsenm  and  others  Tolatiof;  to  Hnaeam  material.  5.  Liatof  accaaatonB  for  the  ;«ai. 
This  part  forms  an  f>ctavo  volume  of  xviji  +  771  pages,  iUostiated  with  I8T  flgoni, 
31  plates,  and  1  folding  map. 

No.  7S3.  "  Report  of  8.  P.  Lanfc'ey,  Secretary  of  the  Smithsonian  Institotion,  (bt 
the  year  ending  Jnue  30, 1889."    Octavo  pamphlet  of  84  pages. 

FUBLICATtON  OP  TUB  fiUBKAU  OV  ETRNOLOGT. 

No.  693.  "Sixth  Annual  Report  of  the  Borean  of  Ethnology  to  the  Secretary  of  Un 
Smitbeouian  lostjtation,  l684-tj&.''  By  J.  W.  Powell,  Director.  This  work  contuns 
theintroduotory  report  of  tbe  Director,  58  pages,  with  accompanying  papers  as  fbl- 
lowa:  "Ancient  Art  of  the  Province  of  Cbiriqni,"  by  William  H.  Holmes;  "A  Study 
of  the  Textile  Art  in  its  relation  to  the  Development  of  Form  sod  Omament,"  b; 
William  H.  Holmes;  "Aids  to  the  Stndy  of  the  Maya  Codices,"  by  Cyms  Thomit; 
"Osage  Traditions,"  by  Rev,  J.  Owen  Dorsey ;  "Tbe  Central  Eskimo,"  by  Dr.  Fraoi 
Boas.  Tbe  report  forms  a  royal  octavo  rolnme  of  lviii+675  psgea,  illnstraled  witb 
546  flgures,  7  plates,  and  3  maps. 
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REPOBT  ON  PB0FES80B  H0BLET8  BEfiEARCHES. 

WASniNQTON,   JOHIMTf  17,  1891. 

Prof.  8.  P.  Lakqlkt, 

Deu  Sik  :  The  M«ampui;iD2  tetter  from  Prof.  A.  A.  Micbelson  I  ean  glkdlf  in- 
done  Id  every  pKrticalar.  1  Am  fomillkr  with  Profeisot  Modey'a  work,  having  fol- 
lowed it  from  the  sUrt,  and  I  know  it  to  be  the  beat  iroik  ot  its  kind  iu  the  hietory 
of  NieoM,  A  part  of  it  involve*  «  le-determi nation  of  certain  pbjaioal  conitanta  of 
Dijgeu  Kid  hydrogen ;  and  on  (bis  aide  of  the  queation  the  claatiical  reaearobes  of 
Eegnaalt  are  far  eicelled  b;  the  inveatigatiOQaBofar  made  liy  Horley.  Hitherto  (for 
■  period  of  3  or  4  years),  the  eiperimenta  have  been  carried  on  by  Profesaor  Morley  at 
hia  own  pMwraal  expense,  without  aid  from  any  iustitntion.  Such  a  burden  no 
prirste  indtvidnal  ahonld  be  compelled  to  bear ;  and  I  feel  sure  that  aid  given  by  the 
Smithaonian  Inatitution  will  redound  to  ita  credit,  and  Inthe  moat  direct  manner  tend 
tofnlSll  the  intention  of  its  fonnder,  himself  a  chemist. 

The  work  npon  which  Profesaor  Hortey  ia  engaged  is,  ^m  a  chemical  stand-point, 
fSDdunental  in  itecbarsoler,  andit  has  both  a  theoretical  and  a  practical  bearing. 
All  of  the  calcalations  upon  which  accnrate  chemical  analyses  depend  rest  upon  our 
knowledge  of  the  atomic  weights ;  and  the  ratio  between  oxygen  and  hydrogen  is  the 
cwoer-stoue  of  the  entire  system,  it  is  tioth  the  moat  important  and  tbe  most  ditB' 
colt  te  measure  of  all  the  atomio  weight  ratios,  and  it  directly  affects  nearly  every 
Dther  valne  in  the  whole  series  of  conatauta.  Furthermore,  all  the  physical  propertiea 
of  the  atoms  are  now  believed  to  be  fnnctiaus  of  their  mssa,  and  thiaidea  is  dominant 
in  tbe  peiiodio  law  of  Uendelejeff.  That  law  shows  the  elements  to  be  not  independ- 
tat  of  each  other,  but  oloaely  related;  so  that  the  exact  meoanrenient  of  their  at^imio 
wdgbta  1>eara  directly  upon  the  problem  of  the  ultimate  oonatitntion  of  matter.  If 
all  matter  la  one  entity,  then  the  weights  of  tbe  dlfierent  so-called  "  elementary  " 
atoms  ahonld  be  connected  by  some  definite  matbematicat  law ;  and  sncb  a  law  can 
ooly  be  developed  npon  the  basis  of  the  most  reflued  experiaiental  researches.  In 
the  mfaanreraent  of  atomio  weights  "aocidentol  errors,"  which  practically  vanish 
from  averages,  do  little  harm;  bat  the  "  constant  errors"  are  troublesome  and  all- 
psrrasive.  Fnctbermoie,  since  one  atomic  weight  servesos  the  starting  point  for  the 
dMsrmi nation  of  others,  tbe  eonstant  errors  become  onmnlative,  and  tbeir  elimina- 
tion is  anything  bat  easy. 

In  Uorley'a  determinations  of  tbe  atomio  weight  of  oxygen,  the  errors  are  controlled 
^(lact  manipulation  on  tbe  one  hand,  and  by  wide  variations  of  method  on  tbe 
°>lKt.  If  six  or  ssven  distinct  jnethodaofmeaeorement,  involving  different  possibili- 
ties of  error,  give  st  last  the  same  valne  aonght,  then  the  presumption  is  that  conatant 
trioti  have  been  eliminated  altogether.  Up  to  tbe  preaent  date  Professor  Horley  has 
inveetigated  the  preparation  of  oxygen  and  hydrogen  in  Bi>solnte  purity,  the  inBuence 
of  iiuparities  in  known  amounts,  the  composition  of  water  by  volnme,  and  tbe  reia- 
live  densities  of  the  two  gsses.  Tbe  series  of  experimenta  upon  tbe  composition  of 
vsterbyvolamebavealready  been  made  public,  and  tbe  results  obtained  are  accurate 
fct  attngle  experiment,  to  within  one  part  in  26,000.     Sncb  accuracy  was  never  before 
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•pproHhed,  eTOD  remotely,  id  inveatigfttions  of  tbls  kind.  Re  now  bM  in  Tie*  th» 
■yntbMia  of  water  by  Beveisl  distinct  qaantitative  proae«MS,  and  theM  inraWe  luf* 
weighings.  For  example,  hydrogen  ia  m  light  that  large  bnlka  must  b»  Uksn  in 
order  that  the  errors  of  weighing  may  not  exerciBC  an  appiMciableinflaenoa.  In  otdu 
to  do  this,  glaM  globes  boldiog  30  litres  are  nied;  and  their  weight  ie  considmblB. 
The  ordinary  analytical  balanoea,  ranging  from  200  to  1.0000  grammea,  an  wboUj 
no  available  for  the  pnrpoee,  and  benoe  an  esoeptlonal  balance,  nichaa  RDpteebtbH 
made  for  the  Intemational  Bnrean  of  Weight*  and  Meaaiirea  at  Paris,  become*  lerat- 
■ary .  In  the  office  of  onrown  Coast  and  Geodetic  Snirey  there  is  a  balance  approach- 
ing these  in  character ;  so  sensitive  as  to  show  the  difference  between  two  st*nd>td 
kilogrammes  placed  side  by  side  or  one  on  top  of  the  other.  This  differeaoe  in  pmi- 
tioD  of  two  weights  is  a  difference  of  distance  from  the  ocuter  of  the  tiarth  of  a  fe* 
centimeties  only,  and  yet  it  corresponds  to  a  difference  tn  weight  of  aboat  .000015 
gramme.  This  difference,  according  to  Professor  Mendenball,  in  perfectly  appnci- 
able  with  the  balances  now  in  use.  I  can  not  say  whether  or  not  Rilptecbt  k*^ 
these  Ann  balances  in  stock,  bnt  I  suspect  that  one  wonld  have  to  be  bnllt  to  order, 
so  that  some  months  woald  elapse  before  it  oonld  be  delivered.  The  cost  should  sot 
exceed  $&00,  and  the  balance,  after  serving  Profeasor  Morley's  pnrpoae,  might  bt 
retnmed  to  the  Institntion,  where  it  would  have  permanent  value.  The  prsMBt 
iovestigation  oonld  thns  be  aasistod  with  little  or  no  actual  sinking  of  capital,  sod 
the  aid  to  research  wonld  coatinne  long  after  the  single  investigation  of  ProfsMW 
Uorley  was  finished.  I  sincerely  hope  that  the  aBsistanoe  songht  may  be  given. 
Very  reipectfnUy, 

F.  W.  CUKO. 
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BEPORT  ON  INTERNATIONAL  CONGRESS  OF  ORIENTALISTS. 

ProC  S.  P.  liAxaLKY, 

WaAntgUtn,  D.  C. : 

Sir:  In  aocordkDce  ivith  jonr  instrDction  I  atteudMl  the  Eigbth  Inlenistioiiftl 
CoDgnai  of  OrientaliatB  udelegateof  theBmitbeoQian  lastitntioD.  TbemeeUogi  of 
tfae  eongreeH  were  bold  in  Stockholm  «nd  ChrUtiaoia,  under  the  ancpices  of  His 
U^est;  the  King  of  Sweden  and  Norway,  from  September  1  to  September  12, 18)^. 
Tbe  members  assembled  in  Stockholm  on  September  1  aed  atljoDmed  on  Septomber 
7  to  meet  in  Christianla  from  September  S  to  September  11.  September  IS  wu  spent 
in  Gothebnrg,  where  »  farewell  reception  was  given. 

Fite  general  meetings  were  held  and  the  various  Bectionfl  met  daily  for  tbe  tcano- 
sction  of  baatness. 

Tlere  were  regititered  as  snbaeribers  to  the  eongress  710  names  (204  Scandinavians 
lad  506  foreigners);  more  than  one-half  of  the  (386)  foreign  members  were  present. 
Tbe  foreign  members  caoae  fh>m  twenty-eight  different  ooantries,  as  indicated  in  the 
(bUowing  tablet 


CoDutry. 

Snb- 
scriberB. 

Present. 

Country. 

Sub- 
wcibers. 

Present. 

1.  Abyssinia 

!.  America 

3.  Austria 

4.  Betgiiim 

1 

:» 
36 
4 
1 
1 
19 
7 

m 

13 
41 
80 
2 

:ffl 

11 

1 

1 
1 
18 

4 
58 
11 
19 
60 

1 
17 

5 

4fi 

3 

4 
4 
I 
2G 

2 
3 

e 

28 
142 
62 

17.  Japan 

la  Persia 

19.  Portugal  

21.  Russia 

«.  Servia 

2 
4 

4 

6.  Colombia 

7.  Deomarli 

18 

I 

9.  EogUnd 

10.  Finland 

IL  Prance 

12.  Qermany 

25.  Switzerland  .. 

26.  Trtrkoy 

27.  Sweden 

as.  Norway 

Total 

4 

5 

142 

U.  HolUnd 

710 

*  Id  the  London  Acadeioy  of  Noveuilier  1,  1890,  it  is  stated  tbal  tbe  congress  was 
ttteuded  by  459  Europeans,  Ilj  Ameriuans,  13  Asiatic,  and  !>  African  scbolara.  This 
caUalation  is  evidently  luwnl  on  tbe  supposition  that  tbe  Swedish  and  Norwegian 
■ibMiibers  were  all  present. 
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Ifarranged  According  to  the  number  of  subscribers  the  list  would  be  urollooB^ 


1.  Sweden  ... 

2.  EDgUnd... 

3.  Oennaoy . . 

4.  Norway  ... 
6.  lUly 

6.  FrkDoe.... 

7.  HolUnd... 

8.  America... 

9.  Austrl*.... 

10.  Turkey.... 

11.  BuBsia 

12.  Denmark.. 

13.  Finland  ... 

14.  India 


>.  Switzerland  .. 

'■•  Egypt 

■.  Persia 

I.  Portngal    . . . 
I.  Belgtnm 

1.  tilreeco 

I.  Abyssiuia  .... 

i.  Colombia  .. .. 

'.  Servia 

<.  Boumania .... 


If  arraogod  acconling  to  the  nam1>er  of  members  present  tbe  order  would  be: 


1.  Sweden 

3.  Cjermany  ... 

3.  England 

4.  Anstria 

&.  France 

6.  Deumark--- 

7.  Russia 

8.  Holland  .... 

9.  America 

10.  Finland.... 

Jl.  Italy 

18.  Norway  (!)-. 

13.  Turkey 

14.  India 


>.  Persia.. 

16.  Egypt 

17.  FoTtugnl 

18.  Switzerland.. 

19.  Japan 

20.  Greece 

21.  Belgium 

33.  Siam 

23.  Abyssinia  .... 

24.  Brazil 

25.  Colombia 

26.  Servia 

27.  Konmania 

28.  Spain 


Comparing  these  figorea  witb  those  of  tbe  precodjng  Oriental  congreaaes  it  would 
seem  that  there  is  an  increase  of  devotion  to  Oriental  studies  among  Eoiopeao  sebol- 
ara.  At  the  Seventb  Congress,  held  at  Vienna  in  188G,  there  were  414  subaeriben 
and  228  members  present;  at  the  Sixth  Congress,  held  at  Leyden  in  1883,  there  wen 
453  snbecriliers  and  219  memben  present;  at  the  Fifth  Congiesa,  held  at  BeiUnis 
1881,  there  were  296  anbscribere  and  189  members  present. 

Tbe  following  table  indicates  the  number  of  subscribers  and  members  present  il 
each  of  tbe  eight  international  congtesBes  of  Orientalists: 


Subscri- 

p™. 

bers. 

eat.* 

1,063 

(f> 

1.218 

137 

1.  PariBil873) 

2.  London  (1874) 

3.  Bt.Peterebort!(1876) 

4.  Florence  (1878) 


5.  Kerliu(188l) 

6.  Leyden  (188J).... 

7.  Vienna(1886).... 
a  Stockholm  (1889). 


1,296  I 
l,4&3  I 
1.414  I 
1,710  I 


*  Eif!hty-nine/i>r«{^  members  attended. 


tNot 


The  increased  interest  is  even  more  marked  on  the  part  of  Americans.  To  tbe 
Tlenna  congress  there  were  eleven  American  subscribers  of  whom  Ave  (Briggs,  Le- 
land,  S.  A.  Smith,  Thatcher,  and  Whitehonae)  were  prasent.  To  the  Stoekbolin 
congress  there  were  forty  American  snbscrlbura,  of  whom  ■ixteen  were  present.  A 
lUt  of  the  American  subaoiibeta  is  herewith  subjoined : 
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1.  Dr.  rynu  Adler,  Johua  Hopkiiu  Unirersity,  Baltiioore,  Maryland. 
3.  Dr.  W.  H.  AcQolt,  Johns  Hopkiiu  University,  Baltimore,  Maryland. 
3.  Prot  CharlM  A.  Brigga,  Udiod  Tbeolonical  Seminary,  TOO  Park  avenue,  New 
ToA. 

4  Pror.  Francis  Brown,  Union  Theological  Seminary,  700  Park  avenue.  New 
Tetk. 

'5.  Prof.  Thomas  Chase,  50  Barnes  street.  Providence,  Rhode  Island. 
6.  Bev.  Lysander  Diokermaon,  Public  Library,  Boatou,  Haasachnsetta. 
*7.  Prof.  Riohnrd  T.  Kly,  Johns  Hopkins  Univenity,  Baltimore,  Haryland. 
*8.  Prof.  Richard  H.  Qottheil,  Columbia  College,  New  York. 
9.  Rev.  J.  T.  Oraoey,  302  Eagle  street,  Bnffalo,  New  York. 
*I0.  Prof.  William  R.  Harper,  Yale  Univeraity,  New  Haven,  Connecticut. 
*tl.  Prof.  James  Taa  HatQeld,  Northweatern  University,  Naperville,  Hliuoie. 
*IS.  Prof.  Paal  Hanpt,  Johns  Hopkins  University,  Balbiuiore,  Maryland. 
'13.  Mrs,  Paul  Hanp^  Baltimore,  Marylaud. 
*I4.  Prof.  Henry  Hyvemat,  Catholic  Univuraity,  Brookland,  District  of  Columbia. 

15.  Fro£  A.  V.  Williams  Jackson,  Culambia  Collegia  New  York. 

16.  Prof.  Motri*  Jaattow,  Jr.,  University  of  Pennsylvania,  Philadelphia,  Pennsyl- 
vuia, 

n.  Dr.  Cbriatoplier  Jabastoa,  Jr.,  Johns  Hopkins  University,  Baltimore,  Mary- 
kod. 
*18.  Rev.  S.  H.  Kellogg,  D.D.,  86  Charles  street,  Toronto,  Canada. 
*19.  Prof.  Charles  R.  Lanman,  Harvard  University,  Cambridge,  Massachusetts. 

20.  Charles  G.  Leland,  Philadelphia,  Pennsylvania. 
*21.  Mrs.  Charles  O.  LeUnd,  Philadelphia, 

*S>.  Joseph  Uoore,  jr.,  I6S1  Walnut  street,  Philadelphia,  PeuDByUania. 
"iS.  Dr.  Ed.  OlasoD,  president  University  of  Dakota,  Vermillion,  Dakota. 

8*.  E.  D.  Perry,  New  York, 
*£.  Pfof.  Samuel  B.  Platner,  Adelbert  College,  Cleveland,  Ohio. 

!G.  Prof.  Robert  W.  Rogers,  Dickinson  College. 
17.  Mrs.  Karl  RydingsviLrd,  Boston,  Maasoohiisetts. 

38.  David  Salsberger,  13^  North  Twelfth  street,  Philadelphia,  Pennsylvania. 

S9.  Hajec  Snlsbei^r,  13U3  Olrard  avenue,  Philadelphia,  Peuusylvania. 

30.  8.  H.  Swenson,  New  York. 

31.  Seymour  D.  Thomson,  St.  Louis,  Missouri. 

U.  Dr.  William  H.  Ward,  351  Broadway,  New  York. 

33.  Prof.  B.  P.  Weiduer,  Augnstana  Theological  Seminary,  Rock  Island,  Illinois. 

3t.  Dr.  Charles  E.  West,  138  Montague  street,  Brooklyn,  New  York. 

35.  CapUin  Whitehonse,  15  Fifth  avenue.  New  York. 

36.  Prof.  W.  D.  Whitney,  Yale  University,  New  Haven,  Connectiont. 
*37.  Prof.  Alunio  Williams,  Brown  University,  Providence,  Rhode  bland. 

*38.  Prof  Robert  D. Wilson,  Western TheologiooISchool,  Allegheny,  Pennsylvania, 
noia. 
30.  Johns  Hopkins  University,  Baltimore,  Maryland. 
40.  The  Newberry  Library,  Chicago,  Illinois. 
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The  following  tftbla  indicftt«a  tbe  number  of  American  Bobscriben  mod  memben 
prexent  at  tbe  Eight  loteniatioDal  Congresses  of  Orienlalists : 


1.  P«rU(liB3) 

a.  Lou<ton{lel74) 

:t.  St.  Peterabiirg  (1ST6) 

4.  Florence  (187H) 

5.  Berlin  (1881) 

6.  Le;dea(l»«l> 

7.  Vienna(1886) 

B.  at,ooliliolm(l889).... 


Tbia  marked  InoreMe  was  do  doabt  chiefly  dne  to  the  circulation  of  a  special 
American  edition  of  the  programme  for  the  Stockbolm  Coogreas,  pablished  bj  the 
fimithsoDUiu  Inatitution  at  the  reqaeet  of  the  secretary -general  of  tbe  congroi, 
Count  Laodhoig.  This  circular  contained  a  revised  English  translation  of  the  origieU 
programme  including  additions  and  corrections  especially  furnished  for  this  pnipoM 
by  the  seotetary'geneTal  of  the  congress.  Copies  of  tbia  circular  irere  eeot  to  all  tba 
membersof  tbe  American  Oriental  Society  as  vrell  as  to  a  great  many  librariea  and 
colleges  in  this  country. 

Bat  three  American  iustitations  were  representeil  by  delegates :  Bronn  UDiTcrutj, 
Providence,  Bbode  Island,  t>y  Prof.  Alonzo  Williams,  and  the  Smithsonian  Institation 
Mid  the  Johns  Hopkins  UuiTersily  by  Prof.  Paul  Huiipt. 

It  Is  to  be  regretted  that  the  American  Oriental  Society  did  not  sent  a  delegate  ta 
theoongrees.  Tbesendingof  a  representative  aud  the  presentation  of  a  complete  aet 
of  the  journal  ot  tbe  American  Oriental  Society  to  tbe  honorary  president  of  the  con- 
gress wonld  bave  been  appreciated.  There  was  no  delegate  of  the  Uoit«d  SUM 
Government,  nor  had  England,  Germany,  or  Prussia  responded  to  the  invitation  to 
■end  govemoiental  delegates.     Tbe  following  conntries  sent  such  delegates. 


Austria, 

Coburg-Gotha, 

Italy, 

Bu»ia, 

Baden, 

Denmark, 

Japan, 

Bavaria, 

Egypt, 

Saxony, 

Bosnia, 

France, 

Persia, 

Siam, 

Brazil, 

India, 

Portngal, 

Turkey. 

The  following 

universities  were  represented : 

Bombay, 

Giessen, 

Kasan, 

Pet«mburg, 

Brown, 

Greifawald, 

London, 

Prague, 

Cambridge, 

Halle, 

Rnnd, 

Rome, 

Halsingfors. 

Munich, 

Upsala, 

Johns  Hopkins, 

Oxford, 

Vienna. 

■  I  may  be  allowed  to  mention  especially  Charles  A.  Brigge,  D.  C.  Gilmaa,  Prafn- 
Bor  Henry,  Professor  Salisbury,  A.  Van  Name.  Andrew  D.  White,  W.  D.  Whitney; 
tbe  American  Oriental  Society,  the  PbJIosopbieal  Society,  of  Hartford,  Con&ecticat; 
tbe  Smithsonian  Institution.  The  lato  Dr.  Schliemann,  too,  is  registered  «s  one  of 
tbe  American  eubscrtbera. 

>  W.  D.  Whitney,  Egbert  C.  Smyth,  General  J.  M.  Read,  eto. 

» W,  D,  Whitney,  E.  B.  Salisbury,  and  A.  Van  Name,  of  New  Haven ;  O.  Atwood 
and  Rev.  O.  D.  Miller,  of  Boston ;  S.  8.  Haldemau,  of  Pbitadelpbia,  and  D.  C.  Gilman. 
of  BalUmote. 

'W.  D.  Whitney,  Prof.  W.  Benade,  Dr.  Bereod.    The  Iatt«r  two  were  preoeut. 

'Gen.  J.  MereditI)  BeadU.  S.  consul-general  to  Paris,  Mrs.  Bead,  and  tbe  ainologist 
Cbarlee  Reedy. 

*NotiMorded.  'Peters.  *  P.  Brown. 
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ioiong  the  learned  sooieties  and  inatitntioiu  represented  by  delefratea  may  be  meo- 
tioned  the  Royal  Aniatic  Society,  the  Society  of  Biblical  Arobieology,  tLe  Palestine 
Eiplonttion  Fand,  tbe  India  OCBce  of  London,  the  Aeiatio  Society  of  BoDgal,  tbe 
fociiti  Aeialiqne  of  Paris,  tbe  Gertnau  Orieotal  Society,  tbe  Vatican  Library,  the 
Bo.iil  Academies  of  Eome,  Tarin,  Mnnicb,  Pe«tb,  eto. 

hi  aoeordance  with  the  HtatemeDl  in  tbe  pTogramme  that  tbe  patron  and  honorary 
ptttfdent  of  the  oongrma  woold  be  pleased  to  accept  saoh  works  as  iroold  be  depos- 
ited for  presentation  to  His  M^eAty,  scholars  and  institntioiis  all  over  the  world 
ofiml  more  than  3,000  valoable  works  and  serialscoTering  the  entire  range  of  orien- 
tal alodies. 
Tfac  following  worJcB  were  presented  by  American  institn lions  and  icbolars: 
I.  American  Hiasion  Fivas  and  American  Bible  Society,  Beiint,  Syria.    About  50 
Arabic  publications.    (See  LitU  da  anvragt*  offerti,  p.  I'J. ) 
±  Johns  Hopkins  University,  Baltimore,  Maryland. 

0.  The  American  Journal  of  Philology,  volnmea  1-ix,  Baltimore,  1878.^89. 
i.  Jobns  Hopkins  University  Circulars,  volnmea  i-viii,  Baltimore,  ISVH-'ISI. 
t,  Tbe  Williams  llannscript.    Beprodcotion  in  phototype  of  17  pages  of  a  Syriao 
US.  containing  the  Eiiiatlee  known  as  "  Antilegomena,"  Baltimore,  18'^. 

i.  Coutributions  to  Assyriology  and  Comparative  Semitic  Philology,  edited  by 
Friednch  Celitzsch  and  Panl  Hanpt,  with  the  codperation  of  the  Johns  Hopkins 
tJaiTeitity,  Baltimore,  llaryland,  volnmel,  part  I,  Lelpsio,  1*^. 
3.  The  Smithsonian  Institation  on  behalf  of  the  U.  S.  National  Masenm : 
Astyrian  and  Babylonian  seals,  facsimiles  and  flat  impreasiona,  illustrating  tbe 
melbod  after  which  thesmallerAssyro-Babylonianobjecta  preserved  in  private  Amer- 
ican colleotions  are  r«p(odaoed  fbr  tbe  stady  eolleotion  at  the  U.  S.  National  Hn- 

Owiog  to  »  mistake  of  the  European  Express  Company  tbe  box  containing  these 
objects  did  not  arrive  in  time  to  be  presented  to  tbe  king  at  the  general  meeting  of 
(lie  congreas  in  Stookholm.  At  the  request  of  the  Smithsonian  delegate  the  United 
Butca  minister  to  Sweden  and  Norway,  Gen.  W.  W.  Thomas,  submitted  the  presents 
to  Sing  Oscar  at  a  special  andience.  The  expression  of  interest  by  tbe  king  on  that 
ooeauon  was  conveyed  in  a  letter  of  Oeneral  Tbomaa  herewith  subjoined ; 

UsiTED  Statkb  Legation, 
Stockkalm.  November  12,  1S89. 
Prof.  Patn.  HiUPT ; 

Ut  Ukar  Sir:  Your  note  from  on  board  the  steamer  was  duly  received,  nnd  some 
Gme  alter  the  Ifox  came  to  hand. 

Iraight  aloDce  have  sent  tbe  box  through  tbe  nsnal  official  channels  to  the  king, 
bat  on  opening  it  I  found  its  contents  of  such  value,  and  so  neatly  and  orderly  ar- 
ntBged  and  classified  that  1  deaiied  to  make  sure  that  His  Majesty  should  see  this 
loadel  gift  of  tbe  Smithsonian. 

The  opportunity  desired  has  occurred. 

I  to-day  bad  an  audience  of  the  King. 

I  took  tbe  box  with  me  and  had  it  carried  into  the  andience  chamber.  In  the  ante 
room  I  nnpaeked  and  took  out  tbe  inner  box,  and  also  unpacked  some  of  the  little 
boxes  and  the  ancient  seals  contained  therein.  HisMajesty  himself  took  up  tbe  fine 
iaaer  box  or  tray,  containing  all  the  small  boxes,  placed  it  on  his  writing  desk,  rend 
the  large  Reneral  inscription  in  gold  letters  on  black  groand,  and  eianiineil  carefully 
RTcntl  of  the  Asayrian  seals  and  casta,  and  expressed  bis  admiration  at  the  beauty  and 
cleameas  of  the  seals  and  tbe  skill  and  method  of  the  arrangement. 

Tbe  King  said  he  should  take  time  at  his  leisure  to  look  over  the  seals  more  tbor- 
OBgfaly,  ud  would  then  decide  where  to  place  tbe  tray.  His  Majesty  also  desired  me 
toexpreasbts  thanks  to  theSmithsonian  lostitnti on  for  this  beautiful  andnaefol  gift- 
as  well  ss  bis  appreciation  of  tbe  method  and  aklU  displayed  iu  tbe  oasea  and  general 
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Congratulating  the  SmitbiODiu)  aod  joutMlf,  Dot  onlv  npon  Ibis  praMot  ud  id 
gncioDS  roception,  bnt  apon  tbe  geuerftl  exhibit  mule  by  tlio  United  Stateetttte 
Oriental  Congress  at  Stookbolm  in  wals  and  books,  and  last  and  lM«t,  »  km, 
I  remain,  my  dear  air,  yonra  Terr  uncerely, 

W,  W.  Thomas,  Jr. 

The  following  works  were  pneeated  by  Amerioan  Orientallsbi : 

1.  TbomasChase,of  Providence,  Rhode  Island:  UellaB,hBrHonniDentsand8csMtT 
Cambridge,  18S3.  i 

2.  E.  van  Uyok,  Cairo :  Real  property,  mortgage,  and  wakf,  aceonlinjc  fai  OUosui 
law. 

3.  3.  T.  Oracey,  D  D.,  of  Boffalo,  New  York : 

a.  India  by  J.  T.  Gracey,  Roohestair,  New  Tork,  ISM : 

b.  The  OalietKu  of  Sa'dl,  edited  in  Persian  by  A.  Sprenger,  Calcutta,  18&L 

4.  Wm.  R.  Harper,  of  New  Haven,  Couneetieut : 

a.  Elements  of  Hebrew,  tenth  ed. 

b.  Introductory  Hebrew  Method  Manasl,  fifth  ed. 

c.  Hebrevr  Tocabnlsries,  tbird  ed, 

d.  Elements  of  Hebrew  Syntax. 

e.  Hebraictt,  volnmes  i-v. 

5.  Paul  Haupt,  of  Baltimore,  Msrylaad : 

a.  The  Babylonian  Nimrod  Bpio,  Leipaio,  1890. 

b.  Tbe  Cuneiform  Account  of  tbe  Deluge,  Leipsie,  1881. 

c.  A  moilem  fragmeut  of  the  old  RabyloDian  Nimrod  Epic,  oontaini&g  a  h^Mid 
of  Noah  and  the  uemon  Kater  (inscribed  day  tablet). 

d.  Coutribntiona  to  Aesyrlology  and  Comparative  S«mitic  Phllologr,  psrt  1, 
Leipsie,  1889. 

c.  On  the  Semitic  Sonnds  and  their  Transl iteration,  Leipsie,  1889. 

6.  Henry  Hyvernat,  of  WasbiDgton,  Dislriot  of  Colambia: 

a.  Lea  actee  des  ninrtfrs  de  l'£gypte,  volume  I,  Rome,  1887. 

b.  Atbnm  de  pal^ographie  copte. 

7.  8.  II.  Kellogg,  Weattim  Theological  Seminary,  Alleghany,  PennaylvAol*:  , 

a.  A  Grammar  of  tbe  Hindi  Language.  I 

b.  Tbe  Light  of  Asia  and  the  Light  of  the  World. 

8.  Ch.  R.  Hantoan,  of  Cambridge,  UaesachnsetU,  a  Sanscrit  Reader,  Parts  I-m, 
Boston,  18SB. 

9.  Dr.  John  WorUbet,  Beirot: 

a  Elements  of  Anatomy.' 

b  Elementa  of  Physiology.' 

0  Temples  and  Tombs  of  Thebes.* 
Tbe  Eighth  International  Congress  of  Orientaliats  presented  aome  epeoiftl  featnrcs 
dialing uishing  it  from  all  ita  predeoessora  compared  with  the  provions  meetings. 

Tbe  Government  took  an  especial  interest  in  the  proceedings  tbrougfaont.  Kiif  ' 
Oscar  acted  as  patron  and  honorary  president  opened  thecougress  (in  the  great  (•■ 
cotcheon  hall  of  Riddarbnaet,  the  palace  of  the  Swedish  nobility,  in  StooklH^) 
with  a  happily  worded  French  address;  closed  it  with  an  admirably  expresaed  Latin 
oration;  was  in  tbe  chair  at  the  general  meeting  of  all  tbe  sections,  and  atteatdedw>e 
of  the  meetings  of  the  Semitic  section  It  for  cnneiform  research.!   AtCbriatiania  tbe 

I  The  Congress  was  organized  in  five  sections ;  tbe  first  of  which  was  dirlded  into 
two  sub-sections. 

1.  Semitic  and  lalam.  9.  Aryan. 

a  Langnages  and  literatures  of  Islam.  3.  African,  inoladlng  Egyptology. 

b  Semitic-  languages,    other     than  4.  Central  Asia  and  the  Par  Eaat. 

Arabic ;  cuneiform  texts  and  in-  &.  Malay  and  Polynenft. 
scriptioUH,  etc.  ^ 
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meeting  wbb  opened  ia  the  nsnie  of  th«  Sing  by  the  ministor  of  public  inetractloD.  Tbe 
KiDg  bad  offered  two  prizes  (by  special  decree  of  JaoDaiy  6,  li386),  one  fork  work  on 
tb«  History  of  the  Semitic  Langusgea,  and  tbe  other  on  tbe  Civilitation  of  the  Arab 
tCnhamined.  So  works  of  EaiopeMi  or  Americao  OrlentaliBts  were  submitted  to  the 
Qweial  eommitteo  appointed  for  the  parposeef  reportiog  the  reoomiDeDdationlbr  the 
award  of  the  priiea.  Biitaix  Arabfo  workaoathe  eeoood-uuiied  snbject  bjr  Oriental 
utboihad  heei^aent  to  theetfii)raittee,and  oneof  tliete  Oriental  scholars,  Uahnmd 
Sbookne  el-Aloaaee  of  Baxbdad,  tbongb  not  coming  np  fully  to  the  requirements, 
iru  considered  worthy  of  King  Oeoar'a  gold  medal  for  art  and  scienoe,  with  the  rib- 
bdo  of  tbe  order  of  Waaa. 

I^ite  a  nnmher  of  uative  soholara  from  the  East  were  present  and  took  an  active 
pitt  in  the  proceedings. 

AbdalUh  Fikri  Pasha  spoke  on  tbe  Divan  of  Hasan  Ibn  Th&bit. 

Sbeikh  Hamza  Fathallah :  On  tbe  right  of  women  in  tbe  Islam. 

llahmnd  Omar :  On  Arabic  prorerbs  in  Efcypt. 

Enin  Bey  Fikri:  Against  those  who  prefer  modem  Arabic  to  tbe  olassloallanguage. 

Thcie  three  papers  were  in  Arable,  the  following  native  Oriental  scholara  spoke  in 
English: 

Jifatyi  Jamsbedji  Uodi:  On  the  position  of  tbe  HaomaintbeAvestaof  thePareece. 

Id  bis  opening  address  the  secretary-general  called  attention  to  this  special  feature 
dfthe  congress,  and  eipnaaed  the  hope  tbat  this  active  participation  on  tbe  part  of 
natiTe  Oriental  scholars  wonldbe  the  starting  point  of  anew  era  for  the  civi  II  cation 
af  the  East. 

A  great  many  of  tbe  most  distlnKnishedOrieDtaliHta  from  all  parte  of  the  globe  were 
pTfsant,  among  them  may  be  mentioned  :  Bmgacb,  BUbler,  Chwolson,  Dillmann, 
Enting,  Oinsbnrg,  de  Goeje,  Donner,  Qabernatis,  Oaidi,  Hal^vy,  Kem,  Kremer, 
Uebren,  Max  UUUer,  Oppeit,  Reiniscb,  de  Boany,  Bost,  Sayoe,  Schefer,  SobJegel, 
J.  Schmidt,  Spiegel,  Weber. 

Over  a  handred  papers  of  great  valne  were  read : 

Twenty-fonr  in  tbe  Semitic  seotioa  In  (Arabic  and  Islam). 

Twenty-ail  in  T  Kction  16  (oaneiform  research,  etc). 

Twenty-two  in  section  II  (Aryan). 

Nineteen  in  section  III  {Egyptian,  etc.). 

Hie fbllowing  papers  were  read  by  Ameriean  Orientalists: 

a.  prol  PaalHaopt,  Tbe  Death  ofSargon  II. 

b.  Prof.  Henry  HyverDat,  the  palteographical  introduction  to  his  Acts  of  the 
Uartyra  in  Egypt. 

eChas.  0.  Lelaud:  The  Pi^jin  (Cbineae-English)  dialect  and  ita  relation  to 
other  mixed  dialects,  followed  by  a  oommnnication  on  tbe  diisidenoe  of  tbe  Chi- 
nese pbiloBopbers  eonoeming  tbe  qneation  of  hnman  natnre. 
The  scientifia  character  of  the  meeting,  however,  was  somewhat  impaired  by  the 
slaoetexcMiive  hospitality  of  the  Bcondinavian  bests,  andeapeoiallyby  thenamber 
of  (oorJstB  who  attracted  by  the  programme  attended.  It  looked  occasionally  as 
ttcDgb  the  Congress  were  ratbei  a  soceesBioa  of  festivltieB  than  a  serious  gathering 
if  scbolars  for  scientific  purposes.  It  was  especially  regretted  tbat  there  was  hardly 
Uj  time  for  private  intercoane  between  individual  fellow-worken.  Since  the  meet- 
ii^  of  the  Congress  some  feeling  baa  developed  against  so  great  a  display  of  hospi- 
Ulitj  in  tbe  futnre. 

Where  tbe  itext  Inlemational  Congress  of  Orientalists  is  to  meet  bos  not  yet  been 
■iHennined, 

At  tbe  general  meeting  of  oil  tbe  sections  held  at  Stockholm  on  Angnst  6,  nnder 
ibspRaideDey  of  King  Oacar,  it  was  snggested  by  tbe  delegate  of  the  Smithsonian 
IxtitDtJea  (after  a  special  meeting  of  all  tbe  Amerioan  orientalists  preMot,  with  the 
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Amarlcui  minister  io  tb«  oluUt)  that  tbe  Tentb  Congreaa  should  be  lield  in  Anwrio  in 
1893.  The  idea  Kerned  to  mtet  with  general  approi-al,  hat  tt  remains  t«  b«  nen 
whether  tha  American  orlentaliats  nlll  be  ready  to  extend  a  formal  invitation. 

Professor  Hanpt  addressed  King  Oscar  at  this  occasion  as  follows: 

'*  I  hare  the  honor  to  present  to  yoni  majeoty  the  first  part  of  a  new  pab8<«^ 
whloh  is  intended  to  oontrlbnte,  aboTe  all,  to  the  solation  of  the  problem  set  by^ou 
■n^esty,  viz,  the  history  of  the  Semitic  languages.  Tbe  series  is  entitled  CoDtn- 
bntlons  to  Assyrlology  and  Comparative  Semitic  Philology.  I  submit  the  flrit  pul 
OD  behalf  of  the  Johns  Hopkins  University,  of  Baltimore,  with  whoae  oo-opentitn  tk 
work  is  poblished.  I  beg  leave  to  add  some  other  publications  issued  nnderUniD' 
•ploes  of  tbe  Johns  Hopkins  University. 

"  1.  The  photo  lithographic  re-prodnction  of  17  pages  of  a  Syrioo  MS. 

"S.  A  complete  series  of  the  Johns  Hopkins  Univerrity  oircnlars,  which  nportin 
the  developmeot  of  this  new  nniversity  since  tbe  year  m9  and  which  conlsiail 
the  same  time  numerous  contribntions  to  Oriental  icsearoh. 

"  3,  The  9  volames  of  the  American  Journal  of  Philology  (published  at  Baltimon 
under  the  ansplces  of  the  Johns  Hopkins  Uaiveislty)  which  contun  several  impor- 
tant articles  of  our  venerable  leader  in  Oriental  philology,  Professor  Whitney,  uittll 
as  papers  by  other  American  orientalists,  both  IndO'Enropoon  and  Semitic. 

"  lam  also  ins  tnicted  osdelegate  of  tbe  Smithsonian  Institution  to  present  to  yoai 
miyesty  on  behalf  of  the  U.  S.  National  Mnsenm  a  nnmber  of  Babylonian  and  i*- 
■yriau  seals  (facsimiles  and  flat  impressions)  Jllnstratiog  tbe  methods  after  aliicli 
smaller  Assyrian  and  Babylonian  objects  preeeived  in  private  American  collectiMi 
are  reprodnced  for  the  study  collection  of  the  U,  S.  National  Mnsenm. 

"  Year  majesty  will  see  what  interest  is  bad  lu  America  in  Oriental  stadia,  itff- 
eiaDy  in  eooeiform  lesearcb.  There  are  more  instraotors  in  Assyriologynawinit' 
United  States  than  at  all  the  European  nniversitiea  combined.  Also  at  thia  M' 
gress  there  are  nearly  forty  American  orientalists  Inscribed  h  members. 

"  7.  I  can  not  snppiess  the  hope  that  onr  Bnropean  follow-workenin  view  oltbepn- 
gress  of  Oriental  studies  in  America  will  be  willing  before  long  to  haTs,  perhsft,  ib* 
Tenth  International  Congress  of  Orientalists  meet  in  tbe  United  States.  Tbe  ili» 
tance  will  hardly  decer  many.  It  will,  perhaps,  be  possible  to  place  at  tbe  diaposil  of 
tbe  members  a  steamer  which  wonld  carry  them  to  America  and  bock  tgain  to 
Enrope.  Nor  wonld  the  att«ndauce  at  the  Congress  take  mnoh  time.  Even  int*" 
there  should  be  6  days  in  Washington  (or  wherever  we  should  agree  to  meet),  follofcd 
by  on  excursion  to  tbe  West,  Chicago,  the  Lake  region,  Niagara  Falls,  and  thsiin. 
again,  tbrongb  Boston,  New  York,  Philadelphia,  and  Baltimore  to  WMhington.  it 
wonld  beponeible  todo  all  that  (includiugthepaseogeacross  tbe  Atlantic  both  m^) 
Id  a  little  more  than  one  month.  The  gracious  interest  which  yonr  m^fest;  i" 
devoted  to  Oriental  studies  will  always  exercise  an  encouraging  inflnenee,  sad  I 
tmst  that  at  the  meeting  of  the  Congress  on  American  soil  we  shall  not  bets*^ 
behind  the  older  Enropean  centers  of  Oriental  learning." 

Kespeetfullf  submitted. 

Paul  Hiim. 
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ADVERTISEMENT. 


The  objMt  of  the  Gbnebal  Appendix  to  the  Annnal  Beiwrt  of  the 
Smithsonian  iDstitntioD  ib  to  fornisb  brief  acconnts  of  BcieatiGc  discov- 
try  iD  particalar  directioiis;  occasional  reports  of  the  investigatioiis 
made  b;  collaborators  of  the  iDBtitation ;  memoirs  of  a  geoeral  cbarao- 
teror  on  special  topics,  whether  original  and  prepared  expressly  for  the 
purpose,  or  selected  from  foreign  jonroals  and  proceedings ;  and  briefly 
to  preeent  (as  fnll;  as  space  will  permit)  such  papers  not  pablished  in 
the  Smithaoniau  Contribntions  or  in  the  Miscellaoeons  Collections  as 
ma;  be  supposed  to  be  of  interest  or  value  to  the  numerous  correspond- 
ents  of  the  Institntion. 

It  haa  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
wnian  Institution,  from  a  ver;  early  date,  to  enrich  the  annual  reiwrt 
nqaired  of  them  by  law,  with  memoirs  illustrating  the  more  remarka- 
ble and  important  developments  in  physical  and  biological  discovery, 
tt  veil  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tntJon ;  and  this  purpose  has,  during  the  greater  part  of  its  bistory,  been 
tairied  oat  largely  by  the  publication  of  such  papers  as  would  possess 
u  interest  to  all  attracted  by  scientific  progress. 

lo  18S0  the  Secretary,  induced  in  part  by  the  dis-continnance  of  an 
unnal  summary  of  progress  which  for  thirty  years  previous  bad  been 
Inoed  by  well-known  private  publishing  Arms,  bad  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  promi- 
Mat  features  of  recent  scientific  progress  in  astronomy,  geology,  meteor- 
«tegy,  physica,  chemistry,  mineralogy,  botany,  zoology,  and  anthropol- 
OD.  This  latter  plan  was  contiuoed,  though  not  altogether  satisfac- 
&etorily,  down  to  and  including  the  year  1888. 

in  the  report  for  1889  a  return  was  made  to  the  earlier  method  of 
praenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
nbracing  a  considerable  range  of  scientific  investigation  and  discns- 
■■m*   This  method  has  been  continued  in  the  present  report,  for  1890. 
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THE  SQUARING  OF  THE  CIRCLE. 

a  HISTORICAL  SKETCH  OF  THE  PROBLEM  FBOH  THE  EARLIEST  TIHE3 
TO  THE  PRE8ENT  DAT.' 


By  Hebmann  Schubgrt. 


1.— UNIVEHaAL  INTEREST  IN  THE  PROBLEM. 

For  two  and  a  half  tboasand  years  both  trained  and  untrained  minds 
have  striven  in  vaiu  to  solve  the  prottlem  Icnown  as  the  squaring  of  the 
circle.  Kow  that  geometers  have  at  last  succeeded  in  Riving  a  rigid 
•lemoustration  of  the  impossibility  of  solving  the  problem  with  ruler 
ud  compasses,  it  seems  fitting  and  opportune  to  cast  a  glance  into  the 
utnre  and  history  of  this  very  ancient  problem.  And  this  wilt  be 
fanad  all  the  more  justifiable  in  view  of  the  fact  that  the  squaring  of 
tbe  circle,  at  least  in  name,  is  very  widely  known  outside  of  the  narrow 
limits  of  professional  mathematicians. 

The  resolutitm  of  the  Frenek  Academy. — The  Proceedinga  of  the  French 
Academy  for  the  year  1775  contain,  at  page  61,  the  resolatiou  of  the 
Academy  not  to  examine,  from  that  time  on,  any  so-called  solutions  of 
the  quadrature  of  the  circle  that  might  be  banded  in.  The  Academy 
vasdriven  to  this  determination  by  the  overwhelming  multitude  of  pro- 
Itsged  solutions  of  the  famous  problem,  which  were  sent  to  it  every 
Booth  in  the  year — solutions  which,  of  course,  were  an  invariable  attes- 
tation of  the  ignorance  and  selfconsciousuess  of  tbeir  authors,  bat 
Thicb  BofTered  collectively  from  a  very  important  error  iu  mathematics : 
they  were  icronfT.  8ince  that  time  all  professed  solutions  of  the  problem 
neaved  by  the  Academy  find  a  sure  baven  in  the  waste-basket,  and  re- 
Min  unanswered  for  all  time.  The  circle-squarer,  however,  sees  to 
tbig  bigh-hauded  manner  of  rejection  only  tbe  envy  of  the  great  towards 
b grand  iutellectnal  discovery.  He  is  determined  to  meet  with  recog- 
■itioD,  and  appeals,  therefore,  to  the  public  Tbe  newspapers  must 
())t«n  for  him  the  appreciation  that  scientiAc  societies  have  denied. 
And  every  year  the  old  mathematical  sea  serpent  more  than  once  dis- 
ports itself  in  the  columns  of  our  papers,  that  a  Mr.  F.  K,  of  P.  P.,  has 
*t  la«t  solved  tbe  problem  of  the  qaadrature  of  the  circle. 

*  From  Holtzendorff  knil  Virction's  iSammluR^  geinti«vfniandli<;hrr  wiutimrhafll-ilier 
F^nrift,  Heft  S7.  Hamburg :  YerlagunBtalt,  etc.  Ro-piiDtod  ttvm  TA«  Monitt,  Jan- 
•Vjt,  1891.  vol.  I,  No.  2.  pp.  197-228. 
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Qmteral  ignoranee  of  quadratort. — Bat  wbst  kind  of  peopi*  an  tlicH 
cirole-squarers,  wfaeo  examined  by  the  light  T  Almost  alwf^s  they  will 
be  found  to  be  imperfectly  edncated  personB,  whose  matbematdoaltuioir- 
ledge  does  not  exceed  that  of  a  modem  college  freehmon.  It  is  seldom 
that  they  know  accurately  what  the  requirements  of  the  problem  in 
and  what  its  nature.  They  never  know  the  two  and  a  half  tbonaand 
years'  history  of  the  problem,  autl  they  have  no  idea  whatever  of  the 
important  investigations  and  resnlts  which  have  been  made  with  ref- 
erence to  the  problem  by  great  and  real  mathematidans  in  every  een- 
lary  down  to  onr  time. 

A  cyclometrie  type. — Tet  great  as  is  the  quantam  of  ignorance  that 
circle  sq  a  are  ra  iuterniix  with  their  intelleotnal  products,  thelavisheap- 
ply  of  conueit  and  self-conscionaness  with  which  tbey  season  their  per- 
formances is  still  greater.  I  have  not  far  to  go  to  famish  a  verificatian 
of  this.  A  book  printed  in  Hamburg  in  the  year  1840  lies  before  me,  is 
which  the  anthor  thanks  Almighty  God  at  every  second  page  that  He 
has  selected  him  and  no  one  else  to  solve  the  "  problem  pbeaomeDsF 
of  mathematics,  "so  long  sought  for,  ao  fervently  desired,  and  attempt- 
ed  by  millions."  After  the  modest  author  has  proclaimed  himself  tbe 
unmasfeer  of  Archimedes's  deceit,  he  says :  "  It  thus  has  pleased  our 
mother  natnre  to  withhold  this  mathematical  jewel  from  the  eye  of  hs- 
man  investigation  notil  she  thooght  it  fitting  to  reveal  truth  to  ■!■■ 
pllcity." 

This  will  snfflce  to  show  the  great  self-oonsciousness  of  the  antbof. 
But  it  does  not  suffice  to  prove  his  ignorance.  He  has  no  conceptiooof 
mathematical  demonstration;  lie  takes  it  for  granted  that  things  are  so 
l>ecaaBe  they  seem  so  to  him.  Errors  of  logic,  also,  are  abnndantlf 
found  in  bis  book.  But  apnrt  from  this  general  incorrectueas,  let  u 
see  wherein  the  real  gist  of  bia  fallacy  consists.  It  reqntres  consider- 
able labor  to  find  ont  what  this  is  from  the  turgid  language  and  bom- 
bastic style  in  which  the  author  has  buried  bis  conolaaions.  But  it  is 
this :  The  anthor  inscribes  a  square  in  a  circle,  circumscribes  anottier 
about  it,  then  poiuts  oat  that  the  inside  square  is  made  up  of  fonrcoO' 
grnent  triangles,  whereas  the  circnmscribed  square  is  made  op  <rf  eight 
such  triangles;  from  which  &ct,  seeing  that  the  circle  is  laiger  than 
the  one  square  and  smaller  than  the  other,  be  draws  the  bold  ccmolasioa 
that  the  circle  is  equal  in  area  to  six  such  triangles.  It  is  hardly  ohi- 
ceivable  that  a  rational  being  could  infer  that  something  which  ia 
greater  than  4  and  less  than  8  mnst  necessarily  lie  6.  But  with  a  atui 
that  attempts  the  squaring  of  the  circle  this  kind  of  ratiociDatioa  il 
possible. 

Similarly  in  the  case  of  all  other  attempted  solutions  of  the  probleiDi 
either  logical  fallacies  or  violations  of  elementary  arithmetical  or  geo< 
metrical  truths  may  be  pointed  out.  Only  they  are  not  always  ol 
such  a  trivial  nature  as  in  the  book  just  mentioned. 

Let  us  now  inquire  whence  the  inclination  arises  which  leads  peopH 
to  take  np  the  quadrature  of  the  circle  and  to  attempt  to  solve  it. 
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7^  aUntwMiUi  <;/'  tt«  probl«m.-~'A.Uaatioa  mnat  flnt  b«  mIM  to 
tbesDtJqoit;  of  the  ptoMem,  A  qaadrattue  was  attempted  Id  Egypt 
SOO  jean  heion  the  exodus  of  the  laraalitea.  AmoDg  tiie  Gro^s  tbe 
pnbJem  oever  ceased  to  play  a  part  that  greatly  iofloeneed  tb»  pro> 
grew  of  mathematics.  Aod  in  the  middle  agesalso  thesqnaringofthe 
oinle  aporadioally  appears  as  the  pbilosophw'H  stone  of  mathenatics. 
TIk  problwB  has  thas  never  ceased  to  be  d«alt  witii  and  conaidered. 
fiat  it  is  not  by  the  antiquity  of  the  problem  that  oircle-sqnarers  are 
eatic«d,  bat  by  the  allurement  which  everything  exerts  that  is  oaloa- 
Mai  to  raise  the  individnal  out  of  the  mass  of  wdioary  hnmaoity,  and 
to  bind  about  bis  temples  the  laarel  orown  of  celebrity.  It  is  ambition 
Uiftt  ^mrred  men  on  in  ancient  Greece  and  still  tgata  them  oo  in  mod- 
era  times  to  oraok  this  primeval  mathematical  nut.  WheQier  they  are 
oompeteat  thereto  is  a  secondary  oonsideratioo.  They  look  npoo  the 
squHug  of  the  dnde  as  the  grand  prize  of  a  lottery  that  eaa  just  as 
well  fiUl  b>  tbeir  lot  as  to  that  of  (toy  other.  Tbey  do  sot  resaember 
ilut- 

Toll  bitfoM  honor  is  pUoed  by  MgMiou  d«araM  of  Imnortala, 
■ad  (hat  it  reqairee  years  of  eontinaed  studies  to  gain  pdsseasion  of  the 
Mtbematieal  weapons  that  are  indispensably  necessary  to  attack  the 
pnNem,  bat  which  even  in  the  hands  of  tbe  most  distingnisbed  math- 
natioal  strategists  have  not  sufficed  to  take  the  stronghold. 

About  the  only  problem  known  to  tke  lay  vorid, — But  how  is  it,  we 
■nist  Airther  ask,  that  it  happens  to  be  the  squaring  of  the  circle  and 
Dot  some  other  unsolved  mathematical  problem  npon  which  the  efforts 
of  people  are  bestowed  who  have  no  knowledge  of  mathematics  yet 
buy  tbenaelves  with  mathematical  questions  T  The  question  is 
URwered  by  tbe  foct  that  the  squaring  of  the  circle  is  abont  the  only 
mathematical  problem  that  is  known  to  tbe  unprofessional  world — at 
Itut  by  name.  Eveu  among  the  Greeks  tbe  problem  was  very  widely 
hwwB  outside  of  mathematical  circles.  lu  tbe  eyes  of  tbe  Grecian 
hjann,  as  at  present  among  many  of  his  modern  brethren,  occupation 
villi  tbis  problem  was  regarded  as  tbe  most  important  and  essential 
Wioessof  mathematicians.  In  fact  they  had  a  special  word  to  desig- 
■Mte  this  species  of  activity,  namely,  r-rpaj'uiviZeiv,  which  means  to 
bwy  one's  self  with  the  qaadrature.  In  modem  times,  also,  every  ed- 
■cMed  person,  though  be  be  not  a  mathematician,  knows  the  problem 
^Vosme,  and  knows  that  it  is  insolvable,  or  at  least,  that  despite  the 
^am  of  the  most  fomous  mathematicians  it  has  not  yet  been  solved. 
^OTthis  reason  the  phrase  "to  square  the  circle,"  is  now  used  in  tbe 
<eine  of  attempting  the  impossible. 

StUef  that  rewarda  have  heen  offered. — But  in  addition  to  tbe  antiquity 
of  tlie  problem,  and  the  foot  also  that  it  is  known  to  tbe  lay  world,  we 
^^«  yet  a  third  fiictor  to  point  out  that  induces  people  to  take  np  with 
it-  This  is  the  report  that  has  been  spread  abroad  for  a  hundred  years 
BO*,  that  the  Academies,  the  Queen  of  England,  or  some  other  inflneo- 
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ti»l  person,  has  offered  a  great  prize  to  be  given  to  tbe  one  that  fiTBt 
solves  the  problem.  As  a  matter  of  fact  we  find  the  hope  of  obUiDing 
this  lai^  prize  of  money  tbe  prindpal  incitement  to  action  with  many 
circle-squftrers.  And  tbe  author  of  the  book  above  referred  to  begs  hi| 
readers  to  lend  him  their  assistance  in  obtaining  tbe  prizes  offered. 

The  problem  among  matkemalicians. — Altbongh  the  opioion  is  widely 
current  in  tbe  nnprofessional  world  that  professiooal  matbematiciau 
are  still  bosied  with  tbe  solntlon  of  the  problem,  this  is  b;  no  meana 
the  case.  On  the  contrary,  for  some  two  handrcd  years,  the  eodeavon 
of  many  considerable  mathematicians  have  been  solely  directed  towards 
demonstrating  with  exactness  that  the  problem  is  insolrable.  Iti8,as 
a  rale — and  oatarally — more  difficult  to  prove  that  sometbing  is  impos- 
sible than  to  prove  tbat  it  is  [tossible.  And  thns  it  htis  happened,  that 
ap  to  within  a  few  years  ago,  despite  the  employment  of  the  most  varied 
and  tbe  most  comprebeDsive  methods  of  modem  mathematics,  no  <Hie 
succeeded  in  supplying  the  wished-for  demonstration  of  the  problem's 
impossibility.  At  last,  Professor  Liudemann,  of  ESuigsberg,  in  June, 
1882,  succeeded  in  rnrnishing  a  demonstration — and  the  first  demonstra- 
tion— that  It  is  impoeaible  by  tbe  exclusive  employment  of  ruler  and 
compasses  to  construct  a  square  that  is  mathematically  exactly  eqoal 
in  area  to  a  given  circle.  The  demonstiR  tion,  naturally,  was  not  effected 
with  the  help  of  the  old  elementary  methods;  for  if  it  were,  it  wodU 
surely  have  been  accomplished  centuries  ago;  but  methods  were  requis- 
ite tbat  were  first  t^misbed  by  tbe  theory  of  definite  iutegrals  and  de- 
partments of  higher  algebra  developed  in  the  last  decades ;  in  othu 
words,  it  required  tbe  direct  and  indirect  preparatory  labor  of  maDy 
centuries  to  make  finally  possible  a  demonstration  of  the  insolvabUity 
of  this  historic  problem. ' 

Of  course,  this  demonstration  will  have  no  moreeft^et  than  the  reso- 
lution of  the  Paris  Academy  of  1775  in  causing  the  fecund  race  of 
circle-squarers  to  vanish  from  tbe  face  of  tbe  earth.  In  tbe  future  as 
in  tbe  past,  there  will  be  people  wfao  know  nothing  and  will  not  wsnt 
to  know  anything  of  this  demonstration,  and  who  believe  that  they 
can  not  help  bat  succeed  in  a  matter  in  which  others  have  failed,  and 
that  just  they  bave  been  appointed  by  Providence  to  solve  tbe  famous 
puzzle.  But  unfortunately  the  ineradicable  passion  of  wanting  to 
solve  tbe  quadrature  of  the  circle  has  also  its  serious  side.  Circle- 
aqnarers  are  not  always  so  self-cou  tented  as  tbe  anthor  of  the  book  we 
have  mentioned.  They  often  see  or  at  least  divine  the  insaperable 
difficulties  that  tower  up  before  them,  and  the  conflict  between  tfaeir 
aspirations  and  their  performances,  the  consciousness  that  they  want 
to  solve  the  problem  but  are  unable  to  solve  it,  darkens  their  soul  and, 
lost  to  tbe  world,  they  become  interesting  subjects  for  tbe  sdenceof 
psychiatry. 
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II.— NATURE  OF  THE  PROBLEM. 

Kumerieal  rectification. — If  we  bare  a  circle  before  as,  it  is  easy  for  as 
to  determine  the  leiigth  of  its  radius  or  of  its  diameter,  wbicb  must  be 
doable  that  of  the  radius;  and  the  question  next  arises  to  tiud  tbe  onm- 
ber  that  represents  how  many  times  larger  its  circumference,  that  is  the 
length  of  the  circular  line,  is  than  its  radias  or  its  diameter.  From  the 
fact  that  all  circles  have  the  same  shape  it  follows  that  (his  protwrtion 
will  always  be  the  same  for  both  large  and  small  circles.  Kow,  since 
Uie  time  of  Archimedes,  all  civilized  nations  that  have  cultivated  math- 
ematics have  called  the  number  that  denotes  bow  many  times  lai^^er 
than  tbe  diameter  the  circumference  of  a  circle  is,  t — the  Greek  initial 
letter  of  tbe  word  periphery.  To  compute  r,  therefore,  means  to  calcn- 
late  how  many  times  larger  the  circamference  of  a  circle  is  than  ita 
diameter.  This  calculation  is  called  ''the  numerical  rectification  of  tbe 
circle." 

Tkt  numerical  Quadrature. — Next  to  the  calculation  of  tbo  circumfer- 
ence, the  calcDiatiou  of  tbe  superficial  contents  of  a  circle  by  means  of 
its  radios  or  diameter  is  perhaps  most  important;  thatis,thecompata- 
lioQ  of  how  mncb  area  that  part  of  a  plane  which  lies  within  a  circle 
measures.  This  calculation  is  catted  tbe  "numerical  quadrature."  It 
depends,  however,  upon  the  problem  of  numerical  rectification ;  that  is, 
upon  the  catculatiou  of  the  magnitude  of  n.  For  it  is  demonstrated  in 
elementary  geometry  that  the  area  of  a  circle  is  e<]ual  to  the  area  of  a 
triaogle  produced  by  drawing  in  the  circle  a  radius,  erecting  at  the  ex- 
treiDity  of  the  same  a  tangent — that  is,  in  this  case  a  perpendicular — 
catting  oEF  upon  the  latter  the  length  of  the  circumference,  mea&oring 
from  the  extremity,  and  joiniDg  the  point  thn^  obtained  with  the  center 
of  tbe  circle.  But  it  followa  from  this  that  the  area  of  a  circle  is  as 
many  times  larger  than  the  square  upon  its  radius  as  the  number  k 
amonnts  to. 

Conttructive  rectifteation  and  quadrature. — The  nnmerical  rectification 
and  nnmerical  quadrature  of  the  circle  based  upon  the  computation  of 
the  Dumber  ^  are  to  be  clearly  distinguished  from  problems  that  require 
"  Rtrajghtline  eqnal  in  length  tojtbe  circumference  of  a  circle,  or  a  square 
equal  in  area  to  a  circle,  to  be  constructively  produced  out  of  itfl  radius 
or  it4  diameter;  problems  which  might  properly  be  called  "constructive 
fectification  "  or  "constructive  quadrature."  Approximately,  of  course, 
by  employing  an  approximate  value  for  ^  these  problems  are  easily 
nlvable.  But  to  solve  a  problem  of  construction,  in  geometry,  means 
to  solve  it  with  mathematical  exactitude.  If  the  value  ir  were  exactly 
fqnal  to  tbe  ratio  of  two  whole  numbers  to  one  another,  the  constructive 
Kctificatiou  wonld  present  no  diCHculties.  For  example,  suppose  tbe 
eircomference  of  a  circle  were  exactly  3|  times  greater  than  its  diam- 
eter; then  tbe  diameter  conld  be  divided  into  seven  equal  parts,  which 
GDQld  be  easily  done  by  the  principles  of  planimetry  with  ruler  and 
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compasses^  tkeo  we  would  produce  to  tbe  amount  of  aaoh  a  put*  i 
straight  line  exactly  three  times  larger  than  the  diameter,  and  ahonld 
thne  obtain  a  straight  line  exactly  equal  to  the  circnmference  of  tbe 
circle.  Bat  as  a  matt«r  of  fiict,  and  as  baa  actually  been  demonstrated, 
there  do  uot  exist  two  whole  nambers,  be  they  ever  so  great,  that  exact!; 
represent  by  their  proportion  to  one  another  tlie  namber  t.  Coate-  . 
qnently,  a  rectiflcatiou  of  tbe  kind  jnst  described  does  not  attain  Ha 
object  desired. 

It  might  be  asked  here,  whether  from  tbe  demonstrated  fiwt  tliattlie 
number  x  is  not  eqaat  to  the  ratio  of  two  whole  nambers  howerer  gnat, 
it  does  uot  immediately  follow  tbat  it  is  impossible  to  construct  a 
straight  line  exactly  equal  in  length  to  the  circumference  of  a  circle; 
thus  demonstrating  at  once  the  imitossibility  of  solving  tbeprobleoi. 
This  qnestion  is  to  be  answered  in  tbe  negative.  For  there  are  in 
geometry  many  sets  of  two  lines  of  which  the  one  can  be  easQy  con- 
atract«d  from  the  other,  notwithstanding  the  fact  tbat  no  two  whole 
numbers  can  be  found  to  represent  the  ratio  of  the  two  lines.  Theaide 
and  tbe  diagonal  of  a  square,  for  instance,  are  so  constitnted.  It  i§ 
true  tbe  ratio  of  the  latter  two  magnitudes  is  nearly  tbat  of  5  to  T. 
But  this  proportion  is  not  exact,  and  there  are  in  fitct  no  two  nnmbers 
that  represent  the  ratio  exactly.  Nevertheless,  either  of  these  two 
lines  can  be  easily  constructed  lirom  tbe  other  by  tbe  sole  employm«it  of  i 
ruler  and  compasses.  This  might  be  the  case,  too,  with  the  rectifies 
tion  of  the  cirele;  and  consequently  from  the  impossibility  of  represent 
ing  n  by  tbe  ratio  between  two  whole  nambers  the  impossibility  of  tlie 
problem  of  rectification  is  not  inferable. 

The  quadrature  of  the  circle  stands  and  falls  with  the  problem  of 
rectification.  This  is  based  upon  the  truth  above  mentioned, thataoir- 
cle  is  equal  in  area  to  a  right-angle  triangle,  in  which  one  side  ia  equal 
to  the  ladiaa  of  the  circle  and  the  other  to  the  circumference.  Sup- 
posing, accordingly,  that  the  circnmference  of  tbe  oirele  were  rectified, 
then  we  could  construct  this  triangle.  Bat  every  triangle,  as  is  tangbt 
in  tbe  elements  of  planimetry,  can,  with  the  help  of  ruler  and  com- 
passes, be  converted  into  a  square  exactly  equal  to  it  in  area.  So  that, 
therefore,  supposing  the  rectification  of  the  cireumfereoee  of  a  cirde 
were  Buccessfnlly  performed,  a  square  could  be  constract«d  that  would 
be  exactly  equal  in  area  to  tbe  cirole. 

Tbe  dependence  upon  one  another  of  tbe  three  problems  of  the  com- 
putation of  the  number  n,  of  the  quadrature  of  the  circle,  and  its  recti 
flcation,  thus  obliges  us,  in  dealing  with  the  history  of  the  qaadrature, 
to  regard  investigations  with  respect  to  the  value  of  ir,  and  attempts  to 
rectify  the  circle  as  of  equal  importance,  and  to  consider  them  accord- 
ingly. 

Conditiotu  of  the  geometrical  foltttUm. — We  have  used  repeatedly  in 
the  course  of  the  discussion  theexpreasiou  "tocooatmct  with  ruler  and 
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(XKDpBuee."  It  will  l>e  [ieci-i^:i  r,v  iu  ox]iliiiii  wliittia  meant  by  tliespeci- 
Scation  of  ttieae  two  iiistniiuentti.  When  suvb  u  uumber  of  coiulitiouti 
U  aouezed  to  a  retiairemeut  iu  geometry  to  coustract  a  certain  flfcnre 
lliut  the  couBtrnction  only  of  one  Sgure  or  a  limited  uumber  of  figures 
ispo^ble  in  accordance  with  tbe  conditions  given,  snch  a  complete 
reqairemeDt  is  called  a  problem  of  construction,  or  briefly  a  problem. 
When  a  problem  of  this  kind  is  presented  for  solation  it  is  necessary  to 
ndaoe  it  to  simpler  problems,  alreafly  recognized  as  solvable ;  and  since 
tbesu  latter  depend  in  their  turn  upon  other  still  simpler  problems,  we 
uefloally  brought  back  to  certain  fundamental  problems,  upon  which 
the  rest  are  based  bnt  which  are  not  themselves  reducible  to  problems 
Icnnmple.  These  fandamental  problems  are,  so  to  speak,  the  onder- 
moet  stones  of  the  edifice  of  geometrical  construction.  The  question 
Dezt  arises  as  to  what  pnAlems  may  be  properly  regarded  as  funda- 
nwntal ;  and  it  baa  been  fonnd  that  the  solation  of  a  great  i>art  of  the 
problems  that  arise  in  elementary  planimetry  rests  upon  tbe  solution 
of  oBly  £ve  original  problems.    They  are : 

(1)  Tbe  oonstmction  of  a  straight  tine  which  shall  pass  through  two 
fiven  points. 

(3)  The  constmction  of  a  circle  the  center  of  which  is  a  given  point 
udthe  radius  of  which  has  a  given  length. 

(3)  The  determination  of  tbe  point  that  lies  colnoidently  on  two  gi^en 
straight  lines  extended  as  far  as  is  necessary— |ii  case  snch  a  point 
(paint  of  intersection)  exists. 

(4)  The  determination  of  the  two  points  that  lie  coincidently  on  a 
given  straight  line  and  a  given  circle — in  case  such  common  points 
(points  of  intersection)  exist. 

(5)  The  determiuatioD  of  the  two  points  that  lie  coincidently  on  two 
pnn  circles — in  case  such  common  points  (points  of  intersection]  exist. 

For  tbe  eolation  of  the  three  last  of  these  five  problems  the  eye  alone 
»  needed,  while  for  the  solution  of  the  two  first  problems,  besides  pen- 
ai,iuk,ohalk,and  the  like,  additional  special  instroments  are  required: 
for  tbe  solntion  of  tbe  first  problem  a  rnler  is  most  generally  need,  and 
lor  the  solution  of  the  second  a  pair  of  compasses.  Bnt  it  must  be  re- 
Mobered  that  it  is  no  concern  of  geometry  what  mechanical  instrn- 
nwots  are  employed  in  the  solution  of  tbe  five  problems  meutioned. 
Otometry  simply  limits  itself  to  the  pre-anppositioo  that  these  problems 
m  ulvable  and  regards  a  complicated  problem  as  solved  if,  upon  a 
■pcdfleation  of  the  oonstmctions  of  which  tbe  solution  consists,  no  other 
nqoitements  are  demanded  than  the  five  above  mentioned.  Since,  ao- 
'^iiiglyi  geometry  does  not  itself  furnish  the  solntion  of  these  five 
problung,  bnt  rather  exacts  them,  they  are  termed  po$tulatet.*    All 

'UniKlljgeotaBteniiieiitioa  ODlf  tno  poetnlatea  (Nos.1  and  3).  But  aiDO«  toge- 
<*Mbj  proper  It  1b  indifferent  whether  only  the  «;e,  or  ftddltional  aneciiil  inechaDl- 
nl  ioatniDMiitB  are  neoMsar;,  the  anthor  ha«  regarded  il  more  correct  ia  point  ot 
Wthod  to  aMome  &re  poatnlatea. 
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problems  of  planimetry  are  not  redncible  to  tbese  6vd  problems  alotw, 
There  are  problems  tliat  oau  l>e  solved  only  by  assnmiiig  other  prob- 
lems as  solvable  which  are  uot  inolnded  in  the  five  given :  for  example, 
the  coustruction  of  an  ellipse,  having  given  its  center  and  its  major 
and  minor  axes.  Many  problems,  however,  poaeeas  the  property  of  be- 
ing solvable  with  the  assistance  solely  of  tbe  five  iiostulates  above  foi- 
mntated,  and  where  tbie  ia  the  case  they  are  said  to  be  "  conatrnctible 
with  rnter  and  compasses,"  or  "elementarily"  constructible. 

After  tbese  general  remarks  upon  the  solvability  of  problems  of  ^ec- 
metrical  constrnotion,  which  an  understanding  of  the  history  of  tbe 
squaring  of  the  cirele  makes  indispensably  necessary,  the  significance 
of  tbe  qnestjon  whether  tbe  qaadrature  of  the  cirele  is  or  ia  not  solva- 
ble, that  is,  elementarily  solvable,  will  liecome  intelligible.  Bnt  tbe 
conception  jast  discussed  of  elementary  solvability  only  gradually  took 
clear  form,  and  we  therefore  find  among  tbe  Greeks  as  well  as  among 
the  Arabs,  eudeavora,  successful  in  some  respects,  that  aimed  at  solv- 
ing the  quadrature  of  tbe  circle  with  other  expedients  than  the  Bve 
postulates.  We  have  also  to  take  these  endeavors  into  consideratjon, 
and  especially  ao  aa  they,  no  less  than  the  onanccessful  efforta  at  ele- 
mentary solution,  have  upon  tbe  whole  advanced  tbe  science  of  gpome- 
try  and  contributed  much  to  tbe  clarification  of  geometrical  ideas. 

JII.-HISTOBICAL  ATTEMPTS. 

The  Egyptian  Quadrature. — In  the  oldest  mathematical  work  that  we 
possess  we  find  a  rule  that  tells  us  how  to  make  a  square  which  is  equal 
in  area  to  a  given  circle.  This  celebrated  book,  the  Papyrus  Bhlnd  of 
the  Britiab  Museum,  translated  and  explained  by  Eisenlohr  (Leipsic, 
1887),  was  written,  as  it  is  stated  in  the  work,  in  tbe  thirty-third  year  of 
the  reign  of  King  Ba-a-us,  by  a  scribe  of  that  mooarcb,  named  Ahmes. 
The  composition  of  tbe  work  falls  accordingly  into  tbe  period  of  the  t«o 
Hlksoa  dynasties,  thatia,  in  the  period  between  2000  and  1700  b.  o.  But 
there  is  another  important  cireamstance  attached  to  this.  Ahmes  men- 
tiona  in  bis  introduction  that  he  composed  bia  work  aRnr  the  model 
of  old  treatises,  written  in  tbe  time  of  KingBaeumat;  whence  it  appeara 
that  tbe  originala  of  the  mathematical  expositions  of  Ahmes,  are  half 
a  thousand  years  older  yet  than  the  Papyrus  Bhind. 

Tbe  rnle  given  in  this  papyrus  for  obtaining  a  square  equal  to  a  cii' 
cle,  specifies  that  the  diameter  of  tbe  cirele  shall  be  shorteued  0D^ 
ninth  of  its  length  and  upon  the  shortened  line  thus  obtained  a  square 
erected.  Of  conrae,  the  area  of  a  square  of  this  construction  is  only  ap- 
proximately equal  to  the  area  of  tbe  cirele.  An  idea  may  be  obtained 
of  the  degree  of  exactness  of  this  original,  primitive  quadrature  by  oar 
remarking  that  if  the  diameter  of  the  circle  iu  question  is  one  metre 
in  length,  the  square  that  is  supposed  to  be  equal  to  the  circle  is  a  lit 
tie  less  than  half  a  square  decimetre  larger;  an  approximation  uotao 
aoeorate  as  that  computed  by  Arehimedes,  yet  much  more  correct  than 
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many  <t  oDe  later  employed.  It  is  nut  known  how  Abmes  or  his  pre- 
decessors arrived  at  tbis  approximate  qoadrature;  bnt  it  is  certain 
tliat  it  was  banded  down  Id  Egypt  from  oentory  to  eentnry,  and  in  late 
Egyptian  times  it  repeatedly  api>ears. 

The  Biblical  and  Babylonian  ^tadraturea. — Besides  among  tbe  Egyp- 
tianB  we  also  find  in  pre-Oreoian  antiquity  an  attempt  at  circle-compn- 
tatjou  among  the  Babylonians.  This  is  not  a  qnadratnre ;  bat  aims  at 
the  rectification  of  the  circa mference.  Tbe  Bablyonian  mathematicians 
bad  discovered  that  if  tbe  radius  of  a  circle  be  successively  inscribed 
SB  chord  within  its  cironmference,  after  tbe  sixth  inscription  we  arrive 
at  the  point  of  departure,  and  they  conclnded  from  this  that  the  drcam- 
fereoce  of  a  circle  most  be  a  little  larger  than  a  line  which  is  six  times 
as  long  as  the  radius,  that  is,  three  times  as  long  as  the  diameter.  A 
trane  of  this  Babylonian  method  of  computation  may  even  be  found  id 
tbe  Bible ;  for  in  i  Kiugs  vii,  23,  and  ii  Ghron.  iv,  '2,  the  great  laver  is 
de8crit>ed,  which  under  the  oameof  the  "molten  sea"  constituted  an 
OTDamentof  tbe  Temple  of  Solomon;  and  it  is  said  of  thla  vessel  that  it 
measured  10  cubit«  fVom  brim  to  brim,  and  30  cubits  roundabout.  The 
DQinber  3  as  the  ratio  between  the  circumference  and  tbe  diameter  ie 
still  more  plainly  given  in  theTalmnd,  where  we  read  that**  that  which 
measures  three  lengths  in  circumfereuoe  is  one  length  across." 

Among  the  Oreeis. — With  regard  to  the  earlier  Greek  mathemati- 
daoB — as  Thales  and  Pythagoras — we  know  that  they  acquired  the 
foandations  of  their  mathematical  knowledge  in  Egypt.  But  nothing 
bsBbeen  banded  down  to  as  which  shows  that  tbey  knew  of  the  old 
Egyptian  quadrature,  or  that  they  dealt  with  the  problem  at  all.  Bnt 
tradition  says  that  subsequently  the  teacher  of  Euripides  and  Pericles, 
tbe  great  philosopher  and  mathematician  Anaxagoras,  whom  Plato 
■0  highly  praised,  "drew  the  quadrature  of  the  circle"  in  prison,  in  the 
year  434.  This  is  the  account  of  PIntaroh  in  tbe  seventeenth  obapter 
of  his  work  "De  Exilio." 

Anaxagorag.—Tbe>  method  is  not  told  as  In  which  Anaxagoras  had 
sapposably  solved  the  problem,  and  it  Is  oot  said  whether  knowingly 
or  nnknowingly  he  accomplished  an  approximate  solution  after  tbe 
nsDQer  of  Ahmes.  But  at  any  rat«,  to  Anaxagoras  belongs  the  merit 
of  having  called  attention  to  a  problem  that  bore  great  fi-uit.  In  having 
iocited  Grecian  scholars  to  busy  themselves  with  geometry,  and  thus 
■mreand  more  to  advance  that  science. 

The  quadrairix  of  Eippiaa  of  Elis. — Again,  it  is  reported  that  tbe 
nathematiciau  Hippiaa  of  Elis  invented  a  curved  line  that  could  be 
made  to  serve  a  double  purpose ;  first,  to  trisect  an  angle,  and,  second, 
toMjaare  tbe  circle.  This  curved  line  is  tbe  rtTpo^'aii'^vuiTa  so  often  men- 
tioned by  tbe  later  Greek  matbematicisos,  and  by  the  Romans,  called 
"qnadratrix."  Regarding  the  nature  of  this  curve  we  have  exact  knowl- 
nlge  from  Pappus.  But  it  will  be  eufQcient,  here,  to  state  that  the 
IMdratrtx  is  not  a  circle  nor  a  portion  of  a  cirale^  so  that  its;  oonstmo- 
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tion  18  not  iKHWible  by  meana  of  tbe  postulstee  eDomerotod  in  fa 
preeeding  section.  And  therefore  the  aolatiou  of  the  qaadratare  of  be 
circle  fottaded  on  theeooetnMtionofthe  fmidratririsDotaneleiDeiiUiy 
eolation  in  tbe  sense  disoossed  in  tbe  lost  section.  We  eao,  it  ii  tnte, 
oOBoeive  a  meebaoisBa  thiU  will  drav  this  curve  as  well  as  eompaiMt 
draw  a  oirole ;  and  with  the  aseietaiice  of  a  meehaDlsm  of  this  deeorip- 
tion  the  sgoariog  of  tbe  circle  is  Hdvable  with  ez&otitnde.  But  if  it  be 
allowed  toemploy  in  asolntion  an  appttratas  especially  adapted  tboetot 
every  problem  may  be  said  to  be  sol  vable.  Strictly  taken,  tiie  iaventioii 
of  the  CDFTe  of  Hippies  sabstttatesforone  iosnperable  diffioolty  anotbtr 
equally  insaperaUe.  Sometime  afterwards,  abont  the  year  SfiO,  tbe 
BMlhematioiaa  DiBeetratos  showed  that  the  qModratrve  ooald  also  be 
ased  to  solve  the  problem  of  recti  floation,  and  from  that  time  on  tbi« 
problem  plf^s  almost  tbe  same  rftle  in  O-reoian  mathematieB  as  tbe 
related  problem  of  qnadratare. 

The  AipAMtf  toimtion. — As  these  proUens  gradually  beoane  koowo  to 
tbe  Boa-ma^ematimanB  of  Greece,  atteuirts  at  solution  at  eooe  sprang 
up  that  are  worthy  of  a  plaoe  by  the  side  of  tbe  solations  of  modem  ama- 
tear  cirole-8i)aaFer8.  The  Sophists,  eapeeially,  believed  themselvefl  oom- 
peteat  by  aednotive  dialectic  to  take  a  stronghold  that  had  defied  tbe 
intellectnal  onslanghts  (rf*  tbe  greatest  mathemaddans.  With  vertwl 
nicety,  amounting  to  puerility,  it  was  said  that  the  sqaaring  of  the  circle 
depended  npon  the  finding  of  a  number  which  represented  in  itself  botb 
a  square  and  a  oirole ;  a  sqnare  by  being  a  square  number,  a  circle  in 
that  it  ended  with  the  same  namber  as  tbe  root  number  from  which,  bs 
multiplioaticMi  with  itself,  it  was  produced.  Tbe  number  36,  aooord- 
iugly,  was,  as  they  thought,  the  one  that  embodied  the  solution  of  tlie 
famous  problem. 

Contrasted  with  this  twisting  of  words  tbe  specBlations  of  Bryson  aad 
Autiphou,  botb  eoBtemporariee  oi  Socrates,  tbougb  inezaot,  uppmr  in 
high  degree  intelligent. 

Ant^hm'a  attend — AntifAon  divided  tbe  oiiole  into  four  eqnal  aics, 
and  by  joining  tbe  points  of  division  obtained  a  square;  he  then  divided 
each  arc  again  into  two  eqnal  parts  and  thus  obtained  fu  inscribed  octa- 
gon ;  thence  he  constructed  an  inscribed  dodecagon,  and  peroeived  that 
the  figure  so  inscribed  more  and  more  approached  tbe  shape  o(  a  circle. 
In  this  way,  be  SMd,  one  should  proceed,  until  there  was  inseribed  in 
the  circle  a  polygon  whose  sides  by  reason  of  tbeir  smallnesa  should 
ooinoide  with  the  circle.  Now  this  polygon  could,  by  metJiods  ^ready 
taught  by  the  Pythagoreans,  be  converted  into  a  square  of  equal  area; 
and  upon  the  basis  of  this  fact  Antiphou  regarded  the  squariog  of  the 
circle  as  solved. 

Mothiug  can  be  said  against  this  method  except  that,  however  far 
the  biseotion  of  the  arcs  is  carried,  tbe  resnlt  must  still  remain  aa  ap- 
proximate one. 

Brj/atM  of  HeraUea.—'The  attempt  of  Bryson  of  Heraklea  was  better 
still }  for  this  scholar  did  not  rest  content  with  finding  a  sqnare  that  wu 
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my  little  9»«ller  tb»n  tlie  circle,  but  obtained  by  meiins  of  ciroomHcribed 
potygoBB  Miother  square  that  was  very  little  larger  tba.i  the  oirole.  Only 
BiTMB  oommitted  the  error  of  believiag  that  the  area  of  the  oirole  vaa 
IheMitiinetiflal  mean  bfltveen  an  insoribed  and  a  oiroamacrlbed  polygon 
oF  in  eqnal  Damberef  aides.  KotwithstandiDg  this  error,  however,  to 
Brymn  belonga  the  merit,  first,  of  hgTing  introdaeed  into  mathematics 
by  his  emphwiB  of  the  neoesaity  of  a  square  which  was  too  liU'ge  and 
006  whioh  WM  toe  small,  the  ooneeptioa  of  maxiaium  and  minlmnm 
"tinitB"  in  approximations;  and  secondly,  by  bin  compariaoo  with  a 
eifde  of  tto  inscribed  and  circamscribed  regnlar  polygons,  the  merit  of 
liirhig  imHeated  to  AreUmedes  the  way  by  wbi6b  an  approsimate 
ralne  for  n  was  to  be  reached. 

AtppoerstM  o/  ChtoM. — Not  long  after  Antipbon  and  Brysoo,  Hippo- 
mtes  of  Chioa  treated  the  problem,  wbicb  bad  now  become  more  and 
woe  iHKtus,  from  a  new  point  of  view.  Hippooratea  was  not  satisfied 
*itb  ifqntsimata  equalities,  and  searched  for  cnrvilinearly  boanded 
{due  Hgctres  vhioh  ihoold  be  mathematioally  equal  to  a  reotilinearly 
boflnded  ftgnre,  aod  therefore  coald  be  converted  liy  mier  and  compasses 
into  asqaare  eqoal  in  area.  First,  Hippocrates  found  that  the  crescent- 
AaiptA  plane  figure  prodnoed  by  drawing  two  perpendicular  radii  in  a 
dtrie  and  deseribiag  upon  the  line  joining  their  extremities  a  semicircle, 
ii  exasQy  eqnal  in  area  to  the  triangle  that  is  formed  by  this  lioe  of 
JBiwtieD  and  the  two  radii ;  and  upon  the  basis  of  this  fact  the  eudeavors 
oftheuntirhig  sehoUrwere  directed  towards  converting  a  circle  into  a 
oeseent,  Katnrally  he  was  unable  to  attain  this  object,  but  by  his  eflorts 
to  this  end  be  discovered  many  a  new  geometrical  tmth ;  among  others 
tbe  general  ixed  form  of  the  theorem  mentioned,  which  bears  to  the  pres- 
ent day  the  oame  of  Lunula  Sippocratig,  the  lunea  of  Hippocrates. 
Tbas  it  appears,  in  tlie  ease  of  Hippocrates,  in  the  plainest  light,  how 
the  vtaj  iuM^vable  problems  of  science  are  qaalifled  to  advance  science; 
in  that  they  iDCit«  iuvestigators  to  devote  themselves  with  persistence 
to  ItR  stody  and  tbos  to  fjothom  its  depths. 

XwluTi  avoidance  oftkeprobUm. — Following  Hippocrates  in  the  his- 
torical line  of  the  great  Grecian  geometriciaiis  oomes  the  syat«matist 
Baelid,  arbose  rigid  formnlatton  of  geometrical  principles  has  remained 
the  standard  presentation  down  to  the  present  century.  The  Elements 
of  Bntdid,  however,  contain  nothing  relating  to  the  quadrature  of  the 
circle  or  to  eirole-compntation.  Comparisons  of  surfaces  which  relate 
to  the  dicle  are  indeed  found  in  the  book,  bot  nowhere  a  oompotation 
oF  the  cirenmfereBoe  of  a  circle  or  of  the  area  of  the  circle.  This  pal- 
pable gap  iB  Euolid'B  system  was  filled  by  Archimedes,  the  greatest 
natbematioiaio  of  antiquity. 

Ankmede^i  calaUaUoiu. — Achimedes  was  bom  in  Syracuse  in  the 
.v«at2S7b.  c,,and  devoted  his  life,  there  spent,  to  the  mathematical  and 
the  physicat  seiMMses  which  be  enriched  with  invaluable  contribations. 
He  lived  in  8y tacose  till  tbe  taking  of  the  town  by  Mareellua,  in  tbe  year 
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212  B.  c.  when  be  fell  by  tbe  hand  of  a  Boman  soldier  vbom  he  h&d  for 
biddcD  to  destroy  the  flgares  he  bod  drawn  in  the  sand.    To  Uie  Rmttwt 
perforiDADces  of  Archimedes  tbe  saccessfiil  coinpQtatioD  of  tttenainberi     ^ 
Qiiquestiooably  belong.    Like  Brysou  be  started  with  regular  inscribed     i 
and  circnmseribed  polygons.    He  showed  bow  it  was  possible,  begin-     j 
DJiig  with  the  perimeter  of  an  inscribed  besagon,  which  is  equal  to  nz     i 
radii,  to  obtain  by  way  of  caloutatiou  tbe  perimeter  of  a  regalar  dodM-     ; 
agon,  and  then  the  perimeter  of  a  figare  having  double  the  Dnmber  of 
sides  of  the  preceding  one.    Treating,  then,  the  circumscribed  polygODs 
in  a  similar  manner,  and  proceeding  with  both  series  of  polygons  Dp  to 
a  regular  06  sided  polygon,  he  perceived  on  the  one  hand  that  the  ratio 
of  the  perimeter  of  tbe  inscribed  96-8ided  polygon  to  the  diameter  was 
greatt^T  than  633C :  2017^,  and  oo  tbe  other  hand,  that  tbe  correspond- 
ing ratio  with  respect  to  tbe  oircDmsoribed  96-Bidod  polygon  ww    , 
smaller  than  14C88:4673}.    Hetoferred  fhim  this,  that  the  nnmbert,    j 
the  ratio  of  the  circnmference  to  the  diameter,  was  greater  than  the 
fraction  jViVi  and  smaller  than  }£}]]■'  Reducing  the  two  limits  thus 
found  for  tbe  value  of  n,  Archimedes  then  showed  that  the  first  frac- 
tion was  greater  than  3f f,  aud  that  tbe  second  fraotioa  was  smaller 
than  3|,  whence  it  followed  with  certainty  that  tbe  value  sought  for  i 
lay  between  3\  and  ^J.    The  larger  of  these  two  approximate  valaw 
is  the  only  one  nsually  learned  and  employed.    That  which  fills  ni 
most  with  astonishment  in  the  Archimedean  computation  of  «,  is,  llret, 
the  great  acumen  and  accuracy  displayed  in  all  the  details  of  the  com- 
putation, and  then  tbe  unwearied  perserverance  that  he  must  have 
exercised  in  calculating  the  limits  of  tt  without  tbe  advantages  of  the 
Arabian  system  of  numerals  and  of  tbe  decimal  notation.    For  it  must 
be  considered  that  at  many  stages  of  the  com|>utation  what  we  call  the 
extraction  of  roots  was  necessary,  aud  that  Arcliimedes  eoald  only  by 
extremely  tedious  calculations  obtain  ratios  that  expressed 'approxi- 
mately tbe  roots  of  given  numbers  and  fractions. 

The  later  matkematieians  of  Oreece. — With  regard  to  tbe  mathemBti- 
cians  of  Greece  that  follow  Archimedes,  all  refer  to  and  employ  the 
approximate  value  of  8^  for  it,  without  however  coDtribating  any- 
thing essentially  new  or  additional  to  tbe  problems  of  qDadratnre 
and  of  cyclometry.  Thus  Heron  of  Alexaudria,  the  father  of  sur 
veying,  who  flourished  about  tbe  year  100  b,  c,  employs  for  pat- 
poses  of  practical  measurement  sometimes  tbe  value  3j  for  n  and 
sometimes  even  tbe  rougher  approximation  n=3.  The  astronomer 
Ptolemy,  who  lived  in  Alexandria  about  the  year  160  A.  D.,  and 
who  was  famous  as  being  tbe  author  of  the  planetary  system  univer- 
sally recognized  as  iwrrect  down  to  tbe  time  of  Uoperntcos,  was  the 
only  one  who  furnished  a  more  exact  value ;  this  he  designated,  in  tbe 
sexigesimal  system  of  fractional  notation  which  be  employed,  by  3,  8, 
30 — that  is  3  and  -^  and  ^J^i^,  or  as  we  now  say  3  degrees  8  minutes 
{paries  minutce  prima)  and  30  seconds  (partes  tainuta  eecuadtt).    As 
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a  matter  of  fact,  tbe  expressioii  3  +  /^  +  itib  =  ^-^  repreaenta  tlie 
Damber  r  more  exactly  than  3j ;  bnl  on  tb«  otber  hand  is,  by  reason  of 
tbe  magnitude  of  tbe  uambers  17  and  120  as  compared  with  the  num- 
ben  1  and  7,  more  cambersome. 

Among  the  Homant. — In  the  matbematicsl  sciences,  more  than  in  any 
other,  the  Bomaos  stood  npon  the  shoulders  of  the  Greeks.  Indeed,  with 
respect  to  cyclometry,  they  not  only  did  not  add  anything  to  tbe  Grecian 
discoveries,  bnt  often  evinced  even  that  they  either  did  not  know  of  the 
beaatifnl  result  obtained  by  Archimedes  or  at  least  did  not  know  bow  to 
sppteciate  it.  For  instance,  Vitruvins,  who  lived  during  the  time  ot 
Aagostus,  compQted  that  a  wheel  4  feet  io  diameter  must  measure  12^ 
feetincireninfereuce;  in  other  words,  he  made  x  equal  to  3^.  Aud, 
nmilarly,  a  treatise  on  surveying,  preserved  to  ns  in  the  Gndian  mann- 
Nript  of  tbe  library  at  Wolfenbiittel,  contains  tbe  following  instraotions 
to  sqaare  tbe  circle :  Divide  the  oircumfereiice  of  a  circle  into  four  parts 
aod  make  one  part  the  side  of  a  aqaare ;  this  square  will  be  equal  in 
area  to  the  circle.  Aside  from  tbe  fact  that  tbe  rectification  of  the  arc 
of  a  circle  is  reqaisite  to  the  coustruction  of  a  square  of  this  kind,  the 
Boman  quadrature,  viewed  as  a  calcalation,  is  more  inexact  even  than 
any  other  computation  j  for  its  result  is  that  n*  ^  1. 

Amojuj  the  Hindus. — Tbe  mathematical  performances  of  the  Hindus 
"ere  not  only  greater  than  those  of  the  Romans,  but  in  certain  directions 
cien  surpassed  those  of  tbe  Greeks,  la  the  most  ancient  source  for  the 
matUematics  of  India  that  we  know  of,  the  Oulvasiltras,  which  date  back 
tu  a  little  before  our  chronological  era,  we  do  not  flud,  it  is  true,  the 
»<)nariDgof  the  circle  treated  of,  but  tbe  opposite  problem  Is  dealt  with 
wliiuh  might  fittingly  be  termed  the  circling  of  the  square.  The  half  of 
Ibe  side  of  a  given  square  is  proloDged  oue-tbird  of  the  excess  in  length 
oflialf  the  diagonal  over  half  the  side,  and  tbe  line  thus  obtained  is  taken 
as  the  radius  of  the  circle  equal  inarea  to  tbesqnare.  Tbe  simplest  way 
toobtain  an  idea  of  tbe  exactness  of  this  construction  is  to  compute  how 
gnat  ir  would  have  to  be  if  the  constrnction  were  exactly  correct.  We 
^dentin  this  way  that  tbe  valneofn',  upon  which  tbe  Indian  circling  of 
the  square  is  based,  is  about  from  five  to  six  hundredths  smaller  than  the 
tree  value,  whereas  the  approximate  n-  of  Archimedes,  3|,  is  only  from 
ooe  to  two  thousandths  too  large,  and  the  old  Egyptian  value  exceeds 
the  true  value  by  from  one  to  two  hundredths.  Oyclometry  very  prob- 
ably made  great  advances  among  the  Hindus  in  the  first  four  or  five 
cestnriesof  our  era;  for  Aryabhatta,  who  lived  abcutthe  year  600  after 
Christ,  states  that  the  ratio  of  the  circumference  to  the  diameter  is 
fi^3  -^  20000,  an  approximation  that  in  exactness  surpasses  even  that  of 
Ptolemy.  The  Hindu  result  gives  3-141.6  for  tt,  while  tc  really  lies  be- 
iveea  3-141502  aud  3141593.  How  tbe  Hindus  obtained  this  excellent 
approxitnate  value  is  told  by  Ganegii,  the  commentator  of  Bh^skara,  an 
Mthor  of  tbe  twelfth  century.    GaneQa  says  that  the  method  of  Archi- 
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medei  wm  «8rri*d  still  f»rtber  by  tbs  Hinda  mathematiciaDs ;  tbit  b; 
coDtiiioally  dooblioif  tke  namber  of  tides  tbey  proceeded  from  the  hex- 
agon to  a  polygon  of  381  sides,  and  that  by  Uia  ooBparison  of  tke  cir- 
cumferences of  the  inscribed  and  cironmscribad  3Sl-sided  polygoBS  ihcy 
fouBd  that  K  was  equal  to  3»27-vl250.  It  will  lie  saen  that  the  nkie 
given  by  Bb&flkara  is  identical  with  the  ralae  of  Aryabfaatta.  It  i« 
farther  worthy  of  remark  that  the  eariier  of  these  two  Binda  maiW 
niatioiftDS  does  not  mention  either  the  value  3|  of  Arehimedes  at  tke 
value  3^  of  Ptolemy,  bat  that  the  later  knows  of  both  valaes  ud 
especially  recommends  that  of  Archimedes  as  the  most  usefiil  one  for 
practical  application.  Strange  to  say,  the  good  approximate  value  of 
Arybhatta  does  not  occur  in  Bramagnpta,  the  great  Hindu  matheou- 
tician  who  flourished  in  the  begtnuiug  of  the  seventh  otntnry;  bnt«e 
find  tbo  carious  ioformatioo  in  this  author  that  tiie  area  of  a  circle  is 
exactly  equal  to  tbe  square  root  of  10  when  the  radius  is  unity.  Hie 
v^ue  of  )r  as  derivable  from  this  formula  (a  value  fhim  two  to  three 
hnndredtbs  too  large)  has 'unquestionably  ansMi  upon  Hindu  soil,  fbr 
^t  occurs  in  no  Grecian  mathematician ;  and  Arabiao  authors,  who  wen 
in  a  better  position  than  we  to  know  Greek  and  Hindu  matliematieal 
literature,  declare  that  the  approximation  which  makes  n  eqoal  to  the 
square  root  of  10  is  of  Hindu  origin.  It  is  possible  Uiat  the  Hiodii 
]>eople,  who  were  addicted  more  than  any  othvr  to  numeral  myslioinD, 
sought  to  find  in  tftis  approximation  some  oonneotion  with  the  fitct  that 
man  has  ten  fingers;  and  ten  acooidingly  is  the  basis  of  their  nnmenl 
8yst4>m. 

Beviewing  the  aobievemenis  of  the  Hindus  generally  witt  reelect  to 
tbe  problem  of  the  quadrature,  we  are  brought  to  recognise  that  this 
peo^e,  whose  talcnta  lay  more  in  the  line  of  arithmetic^  compntatioa 
than  io  the  peroeptioD  of  spatial  relations,  acctKoplisbed  as  good  as  notii' 
ing  OD  tbe  pure  geometrical  side  of  the  proUem,  but  that  the  merit  be- 
longs to  tbem  of  having  carried  the  Archimedewi  method  of  computing  r 
several  stages  farthu*,  and  of  having  obtained  in  this  way  a  much  note 
exact  value  for  it; — a  circomstAuce  that  is  explainable  when  we  cowddei 
tbat  the  Hindus  are  the  inventors  of  our  present  system  of  numeral 
notation,  possessing  which  they  easily  outdid  Archimedes,  who  em- 
ployad  the  awkwiwd  Greek  systsm. 

AfKong  tke  OAtneM.— With  regard  to  the  Ohinese,  this  pec^le  operated 
in  ancient  times  with  the  Babylonian  value  for  *,  or  3,  bat  possessed 
knowledge  of  the  approximate  value  of  Archimedes,  at  least  since  the 
end  of  the  sixth  century.  Besides  this,  there  appears  in  a  numbwof 
Ohinese  mathemaHcal  treatises  an  approximate  value  pecoli^Iy  their 
own,  in  whicb  n=3^« :  a  value,  however,  which,  notwithstanding  it  ia 
written  in  large  figures,  is  no  better  than  that  of  Archimedes.  At- 
tempts at  the  eonttmetive  quadrature  of  the  circle  are  not  fmnd  amwf 
the  Chinese. 
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Awio»ff  the  Arabi. — Greater  were  tbe  merita  of  tfae  Arabians  in  the 
adraneemeot  and  deTelopment  of  mathematics,  and  espeoially  in  virtue 
of  the  fkct  that  they  preserved  from  oblivion  both  Greek  and  Hindu 
matlieinatios,  and  banded  them  down  to  tbe  Ohristian  countries  of  the 
West  Tbe  Arabians  expressly  distin^tshed  between  the  Archimedean 
■ppcozimate  value  and  tbe  two  Hindo  values,  tbe  square  root  of  10  and 
tbe  ratio  63SS2:  20000.  This  distinction  occurs  also  in  Muhammed  Ibn 
Hnsa  Alcbwarizml,  the  same  scholar  who  in  tbe  beginning  of  tbe  ninth 
eentary  lH«nght  the  principles  of  our  present  Bystem  of  numerical  nota- 
tion from  India  and  introduced  the  same  into  ^e  Mohammedan  world. 
Ilie  Aratrians  however  studied  not  only  the  nnmerical  quadrature  of 
tbs  drele,  bnt  also  tfae  ooiistmctive;  as,  for  instance,  Ibn  Alhaitam, 
who  lived  in  Egypt  abont  the  year  1000,  and  whose  treatise  upon  the 
iqiuriDg  of  tbe  drcle  is  preserved  in  a  Vatican  oodez,  whieh  has  na- 
fivtnnately  not  yet  Iwen  edited. 

1%  Ckrittian  Hmea, — OhristJan  civilization,  to  wbicb  we  are  now  about 
to  pass,  [4-odneed  np  to  the  second  half  of  the  fifteenth  oeotary  extremely 
ingjpufioant  reenlts  in  mathematics.  Even  with  regard  to  our  present 
problem  we  have  bnt  a  single  important  work  to  mention—the  work, 
DUDdy,  of  FraokoB  Yon  LUttich  upon  the  squaring  of  tfae  circle,  pub- 
liitied  in  six  books,  but  only  preserved  in  fragments.  The  author,  who 
lived  in  tbe  first  half  of  the  eleventh  century,  was  probably  a  pupil  of 
Pi^e  Sylvester  ii,  himself  a  not  inconsideraUe  mathematician  for  his 
time,  and  who  also  wrote  the  most  celebrated  book  on  geometry  of  the 
period. 

OmUnal  Ifieotmit  de  Outa. — Greater  interest  came  to  be  bestowed 
Bpon  mathematics  in  general,  but  especially  on  the  problem  of  the 
qudratare  of  tbe  circle,  in  the  second  half  of  the  fifteenth  ceutnry, 
vlien  the  sdenoes  again  began  to  revive.  This  interest  was  especially 
anmsed  by  Oardinal  Nieolaus  De  Onsa,  a  man  highly  esteemed  on  ac- 
eoQDt  ot  his  astronomical  and  calendarial  studies.  He  claimed  to  have 
diteovered  the  quadrature  of  the  circle  by  the  employment  solely  of 
eoapesaes  and  mler,  and  thns  attracted  the  attention  of  scholars  to 
tbe  now  historic  problem.  People  believed  the  famous  cardinal  and 
Btrvelled  at  bis  wisdom,  nntil  Begiomontanus,in  letters  whicb  be  wrote 
in  11S4  and  14ft5,  and  which  were  published  in  1633,  rigidly  demou- 
nted that  the  cardinal's  qnadratare  was  incorrect.  The  construction 
■rfCau  was  as  follows ;  The  radius  of  a  circle  is  prolonged  a  distauvi^ 
^oal  to  the  side  of  the  inscribed  square ;  tbe  line  thus  obtained  is  t»ken 
M  ttie  diameter  of  a  second  circle,  and  in  the  latter  an  equilateral  tri»n- 
Ele  is  described ;  Chen  the  perimeter  of  the  Latter  is  equal  to  the  circuiu- 
ference  of  the  original  circle.  If  this  construction,  whicb  its  inventor 
Warded  as  exact,  be  considered  as  a  construction  of  approximation,  it 

*)11  be  found  to  be  more  inexact  even  than  the  construction  resulting 

^  the  value  j:=3\.    For  by  Oosa's  method  w  would  be  from  five  to 

ta  thonsandtbs  smaller  than  it  really  is. 
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BovitKiu,and  Orontiua  FinauB. — Id  tbe  beginniogof  the  8izt«eDtih 
centary  a  certain  BoTillios  appears,  who  auoouuced  auev  the  constrac- 
tioD  of  Oosa,  meetiug,  however,  with  no  notice.  But  about  tbe  middle 
of  tbe  sixteenth  ceotnry  a  book  waa  published  which  the  scholars  of 
the  time  at  first  received  with  interest.  It  bore  the  proud  titie  "De 
Rebut  Matkematicis  ffaetenut  Desideratis."  Its  author,  Urontias 
FiuceuB,  represented  that  he  had  overoonie  all  the  difficulties  that  bad 
ever  stood  in  the  way  of  geometrical  iuvestigators;  and  iucidentally  be 
also  commnnicated  to  the  world  tbe  "true  quadrature"  of  the  circle. 
His  fame  was  short-lived.  For  alterwards,  in  a  book  entitled  "J>e 
Erratu  Orontit,"  the  Portuguese  Petrns  Konins  demonstrated  that 
Orontius's  quadrature,  like  most  of  bis  other  professed  discoveries,  was 
incorrect. 

Simon  Van  Eyek. — lu  tbe  period  following  this  the  number  of  ciicle- 
sqaarers  so  increased  that  we  shall  have  to  limit  ourselves  to  those 
whom  mathematicians  recognize.  And  particularly  is  Simon  Van  Byck 
to  be  mentioued,  who  towafds  the  close  of  the  sixteenth  century  pub- 
lished a  quadrature  whioh  was  so  approximate  thut  the  value  of  x  de- 
rived from  it  was  more  exact  tbnu  that  of  Archimedes;  and  to  disprove 
it  the  mathematician  Peter  Metius  was  obliged  to  seek  a  still  more 
accurate  value  than  3-^.  The  erroueous  qoadratnre  of  Vau  Eyck  was 
thus  the  occasion  of  Metios's  discovery  that  the  ratio  355 :  113,  or  3-^%, 
varied  from  the  true  valae  of  k  by  less  thau  one  one-milliouth,  eclipsing 
accordingly  all  values  hitherto  obtained.  Moreover  it  is  demonstrahla 
by  the  theory  of  continued  fractions  that,  admitting  flgnres  to  fonr 
places  only,  no  two  numbers  more  exactly  represent  the  value  of  t  than 
356  aud  113. 

Joseph  Scaliger. — In  the  same  way  the  quadrature  of  the  great  phi- 
lologist, Joseph  Scaliger,  led  to  refutations.  Like  most  circle-squarers 
who  believe  in  their  discovery,  Scaliger  also  waa  little  versed  iu  the 
elements  of  geometry.  He  solved,  however — at  least  in  bis  own  opin- 
ion he  did — the  famous  problem ;  and  published  in  1592  a  book  npon 
it,  which  bore  the  pretentious  title  "  Nova  Cyclometria,"  and  iu  wliicb 
tbe  name  of  Archimedes  was  derided.  Tbe  worthlessuess  of  his  sup- 
posed discovery  was  demonstrated  to  him  by  tbe  gteatest  mathematic- 
ians  of  his  time,  namely,  Vieta,  Adriauus  Bomanus,  and  Clavius. 

Jjongomontanus,  John  Porta,  and  Qregory  of  St.  Vitusent. — Of  theerring 
circle-squarers  that  flourished  before  the  middle  of  the  seventeeuth 
century  three  others  deserve  particular  montiou; — Lougomontaous  of 
Gopenhagen,  who  rendered  such  great  services  to  astronomy,  the  Kea- 
politau  Johu  Porta,  and  Gregory  of  St.  Yinceut.  Longomontaous  made 
ff=3,J|^V^,  and  was  so  convinced  of  tbe  correctness  of  his  result  that 
he  thanked  God  fervently,  in  the  preface  to  his  work  "  Inventio  Quad- 
ratura  Circuti,"  that  He  bud  granted  him  in  his  high  old  age  tbe 
strength  to  conquer  tbe  celebrated  difficulty.  John  Porta  followed  the 
initiative  of  Hippocrates,  and  believed  he  had  solved  the  problem  by 
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tlieooiDpartBon  of  luaes.  Gregory  of  St.  Yinceut  publiebed  aqaadratare 
theertor  of  wfaicb  was  very  bard  to  detect,  bat  waB  finally  discovered 
by  Descartes. 

Fetor  Metiiu,  and  Vieta. — Of  tbe  famoas  mathematiciana  wbo  dealt 
with  our  problem  io  tbe  period  between  tbe  close  of  tbe  flfteeatb  ceu- 
toTfand  tbe  time  of  Newton,  we  first  meet  witb  Peter  Metios,  before 
mentioned,  wbo  sacceeded  iu  fiuding  in  the  fraction  355 :  113  tbe  best 
approximate  value  for  n  involving  only  small  nnmbers.  Tbe  problem 
received  a  different  advancement  at  tbe  bands  of  tbe  famoas  matfaema- 
tjeiao  Vieta.  Vieta  wan  the  first  to  wbom  the  idea  occurred  of  repre- 
wntiDg  X  with  mathematical  exactness  by  an  infinite  series  of  contin- 
oable  operations.  By  comparison  of  inscribed  and  circamsoribed 
polygons,  Yieta  foand  tbat.we  approach  nearer  and  nearer  to  ff  if  we 
aUoir  the  operations  of  the  extraction  of  tbe  sqaare  root  of  ^  and  of 
addition  and  of  multiplication  to  succeed  each  other  fu  a  certain  man- 
ner, and  that  x  mnst  come  oat  exactly  if  this  series  of  operations  could 
be  indefinitely  continued.  Yieta  thas  found  tbatto  a  diameter  of  10 ,(HI<l 
million  nnits  a  circumference  belongs  of  31,415  million,  and  from 
936,535  to  936,636  units  of  the  same  length. 

Airianui  Bomantu,  Ludolf  Van  Oeulen. — But  Yieta  was  outdone  by 
tbe  Netherlander  Adriauus  Bomauus,  wbo  added  fiveadditional  decimal 
places  to  the  ten  of  Yieta.  To  accomplish  this  he  computed  with  nn- 
Bpeakable  labor  the  circumference  of  a  regular  circumscribed  polygon 
of  1,973,741,824  Sides.  This  number  ia  tbe  thirtieth  power  of  2.  Yet 
EKat  as  the  labor  of  Adrianus  Bomanus  was,  that  of  Ludolf  Yan  Geu- 
l*n  was  still  greater,  for  tbe  latter  calculator  succeeded  in  carrying  tbe 
iicbimedean  process  of  approximation  for  the  valueof  jt  to  35 decimal 
places,  that  is,  the  deviation  from  tbe  true  value  was  smaller  than  one 
one  thoDsand  qointilliouth,  a  degree  of  exactness  that  we  can  hardly 
htTeaoy  coaception  of.  Ludolf  published  the  figures  of  tbe  tremendous 
nnipatation  that  led  to  this  result  Bis  calculation  was  carefully  ex- 
amined by  the  mathematician  Oriemberger  and  declared  to  be  correct. 
Ludolf  was  justly  proud  of  his  work,  and,  following  tbe  example  of 
AtchimedeB,  requested  in  bis  will  that  tbe  result  of  bis  most  important 
nufaetnatical  performance,  the  computation  of  ir  to  35  decimal  places, 
bemgraved  upon  hie  tombstone,  a  request  which  is  said  to  have  beeu 
caniedonL  In  honor  of  Lndolf,  tt  is  called  to-day  in  Germany  tbe 
Ladolflan  number. 

Tke  new  method  of  SneU.  Euygens'a  verification  of  it. — Although 
tbnngh  the  labor  of  Lndolf  a  degree  of  exactness  for  cydometrical 
DperatioDs  vas  now  obtained  that  was  more  than  sufficient  for  any 
Ptwtical  purpose  that  oonid  ever  arise,  neither  the  problem  of  oonstinc- 
tive  lectifloation  nor  that  of  constructive  qnadrature  was  thereby  in 
wj  respect  theoretically  advanced.  The  investigations  conducted  by 
Ibe  famous  mathematicians  and  physicists  Huygens  and  Snell,  about 
Ibemiddlcof  the  seventeenth  centnry, were  more  important  from  amathe- 
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matical  point  of  view  than  the  work  of  Ladolf.  Id  his  book  Cffdimeiri- 
oua  Siietl  took  the  position  that  tbe  method  of  comparisoD  of  poljgonH, 
which  originate)!  with  Arcliimedes  aud  was  employed  by  Lndolf,  need 
by  no  means  be  the  beat  method  of  attaining  the  end  soaght ;  and  be 
sncoeeded,  by  the  employnieot  of  propositioDs  which  state  that  certwn 
arcs  of  a  circle  are  greater  or  smaller  than  certaiD  straight  liii«8  con- 
nected with  the  circle,  in  obbiining  metbods  that  make  it  possible  to 
reach  results  like  the  Ladolfiao  with  mnch  less  labor  of  nUcalation. 
The  beaotiful  theorems  of  Snell  were  proved  a  second  time,  and  better 
proved,  by  the  celebrated  Dutch  promoter  uf  the  science  of  optics, 
Hnygens  ( Opera  Varia,  pp.  3C5  et  seq. ;  Theoremata  He  CireuH  et  Hf- 
perbolae  Quadratiira,  1661),  as  well  ae  perfected  in  many  ways.  Snell 
and  Huygens  were  folly  aware  that  they  had  advanced  only  the  prob- 
lem of  numerical  quadrature,  and  not  tbat  of  tbe  constructive  quadra- 
ture. This,  iu  Huygens's  case,  plainly  appeared  from  the  vehement 
dispute  he  conducted  with  tbe  English  mathematician,  James  Gregoi;. 
This  controversy  has  some  signiflcauce  for  the  history  of  our  problem, 
from  tbe  fact  tbat  Oregory  made  tbe  first  attempt  to  prove  tbat  tlw 
squaring  of  the  circle  with  ruler  and  compasses  must  be  impossible. 

The  controversy  bettceen  Ruyffena  anA  Gregory. — Tbe  result  of  Uieoou- 
troversy,  to  which  we  owe  many  valuable  treatises,  was  that  Huygens 
finally  demonstrated  in  an  incontrovertible  manner  the  incorrectness  irf 
Gregory's  proof  of  impossibility,  adding  tbat  he  also  was  of  opinion 
that  the  solution  of  the  problem  with  ruler  and  compasses  was  impossi- 
ble, bnt  nevertheless  was  not  himself  able  to  demonstrate  this  Aiet. 
Aud  Newton,  later,  expressed  himself  to  a  similar  effect.  As  a  matter 
of  fact  it  took  till  the  most  recent  period,  that  is  over  200  years,  antil 
higher  mathematics  was  far  enough  advanced,  to  fhraish  a  rigid  dem- 
onstration of  impossibility. 

Before  we  proceed  to  consider  tbe  promotive  inflnenoe  which  the  in- 
vention of  the  differential  aud  tbe  integral  calculus  had  upon  oar  prob- 
lem, we  shall  ennmerate  a  few  at  least  of  that  never-ending  line  of 
mistaken  qnadrators  who  have  delighted  the  world  by  tbe  fntita  of  their 
ingenuity  from  the  time  of  Newton  to  the  present  period ;  and  oat  of  a 
pious  and  sincere  consideration  for  tbe  contemporary  world,  we  shall 
entirely  omit  in  this  to  speak  of  the  circle-squarers  of  our  own  time. 

Sobbes'a  quadrature. — First  to  be  mentioned  is  the  celebrated  English 
philosopher  Hobbes.  In  his  book,  De  Problematis  Pkyaiek,  in  which  he 
chiefly  proposes  to  explain  the  phenomena  of  gravity  and  of  ocean 
tides,  he  also  takes  np  the  qua<1ratnre  of  the  circle  and  gives  a  very 
trivial  construction  that  in  his  opinion  definitively  solved  the  problem, 
making  n=3^.  In  view  of  Hobbea's  importance  as  a  philosopher,  two 
matbematicians,  Huygens  and  Wallis,  thought  it  proper  to  refiite  I 
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Hobbes  at  len^h.  Bot  Hobbea  defended  his  position  in  a  specif 
[natJBe,  in  which,  to  BOfltain  at  least  the  appearance  of  being  right,  he 
dilated  the  fundamental  priooiples  of  geometry  and  the  theorem  of 
PytbaKorae;  so  that  mathematJojaDS  conld  pass  on  tram  him  to  the 
otderof  the  day. 

Fmek  quadratora  of  th»  eighteonth  oentury. — In  the  last  century 
Piaiee  especially  was  rich  in  cirole-squarers.  We  will  mention: 
Oliver  de  Serres,  who  by  meana  of  a  pair  of  scales  determined  that 
a  circle  weighed  as  much  as  the  square  npon  the  side  of  the  equi- 
lateral triangle  inscribed  in  It,  that  therefore  they  must  have  the 
same  area,  an  experiment  in  which  t=3;  Mathnlon,  who  offered  in 
legal  form  a  reward  of  a  thousand  dollars  to  the  person  who  would 
poiotODt  an  error  in  his  solution  of  the  problem,  and  who  was  actaally 
oimpelled  by  the  courts  to  pay  the  mouey ;  Basselin,  who  believed  that 
Ilia  qoadrature  mnsl  be  right  because  it  agreed  with  the  approximate 
ndoe  of  Archimedes,  and  who  anathematized  his  ungrateful  oont«m- 
poraries,  in  the  oouAdence  that  he  would  be  recognized  by  posterity ; 
liger,  who  proved  that  a  part  Is  greater  than  the  whole,  and  to  whom 
Iberefoie  the  quadrature  of  the  cirole  was  child's  play ;  Clerget,  who 
baaed  his  eolation  npon  the  principle  that  a  circle  is  a  polygon  of  a 
deflaite  number  of  sides,  and  who  calcnlated,  also,  among  other  things, 
bov  large  the  poiat  is  at  which  two  circles  toncli. 

Qtrmiauf  and  Poland. — Germany  and  Poland  also  furnish  their  contin- 
ftent  to  the  army  of  circle-sqnarers.  Lieutenant-Colonel  Goraonicb  pro- 
daoftl  sqnadratnre  in  which  tt  equaled  3^,  and  promised  60  dacats  to  the 
(■won  who  conld  prove  that  it  was  incorrect.  Hesse,  of  Berlin,  wrote  »d 
■ntiiinetic  in  1776,  in  which  a  true  quadrature  was  also  "made  known," 
t  tietig  exactly  equal  to  3|}.  About  the  same  time  Professor  Bischoff, 
"t  Btettin,  defended  a  quadrature  previously  published  by  Captain 
Uiatner,  preacher  Merkel,  and  schoolmaster  Bdhni,  which  made  n 
iapltnle  equal  to  the  square  of  f|  not  even  attaining  the  approximation 
ofAichimedee. 

Cmttnietive  t^proximations — Euler,  Kocahnskg. — From  attempts  of 
flu  ^aracter  are  to  be  clearly  distinguished  constmotious  of  ap- 
.piDiination  in  which  the  inventor  is  aware  that  he  has  not  fonnd 
mathematically  exact  construction,  but  only  an  approximate  one. 
be  falue  of  sach  a  construction  will  depend  npon  two  tbiugs — first, 
E>OQ  the  degree  of  exactness  with  which  it  is  numerically  expressed, 
»d  secondly  on  the  fact  whether  the  constrnotion  can  be  more  or 
'*■  easily  made  with  ruler  and  compasses.  Constructions  of  this  kind, 
|a>p1e  in  form  aud  yet  sufiBciently  exact  for  practical  purposes,  have 
weeotnries  been  furnished  us  in  great  numbers.  The  great  math- 
Datician,  Eoler,  who  died  in  1783,  did  not  think  it  out  of  place  to 
''*iapt  an  approximate  constmction  of  this  kind.  A  very  simple  oon- 
'notioQ  for  ttie  rectification  of  the  cirole,  and  one  which  has  passed 
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into  many  geometrical  text  books,  is  that  published  by  Koohwia]^  in 
1686,  iD  the  Leipziger  Berichte.    It  is  as  follows ; 

Ereetapon  the  diameter  of  acircle  at  iUextremitieBpsrp^ndicnlBn;  withth«o«Iitei 
as  vertex,  mark  off  opon  the  diameter  aa  angle  of  30°;  fiod  the  point  of  inteTtection 
with  the  perpendicular  of  the  line  lafitdravn,  and  Join  this  point  of  inlnaection  with 
that  point  npoD  the  other  perpendicular,  wbichUat  a  diataaceof  three  radii  from  Um 
base  of  the  perpendicnlar.  The  line  of  Juoctioo  thus  obtained  is  than  veiy  ^praii- 
matel;  eqoal  to  one-half  of  the  circamferonce  of  the  Kiven  circle. 

OalcnlatiOD  shows  that  the  differenoe  between  the  true  length  of  the 
oireamfereDce  and  the  line  thus  constructed  is  less  than  ys^^  of  the 
diameter. 

Inutility  of  eonatructive  approximations. — Atthoogh  Rucb  ooDStntc- 
tions  of  approximation  are  very  ititeresting  in  themselres,  thej  never- 
theless  play  bat  a  subordinate  rdle  in  the  history  of  the  squaring  of  the 
circle;  for  on  the  one  hand  they  can  never  ftirnish  greater  exactness 
for  circle  computation  than  the  thirty-five  decimal  places  which  Ludolf 
found,  and  ou  the  other  hand  they  are  not  adapted  to  advance  in  any 
way  the  question  whether  the  exact  qaadiatare  of  the  circle  with  mier 
and  compassea  is  possible. 

Z%«  reaearoket  of  Newton,  Leibnitz,  Wallia,  and  Brounelier. — Tbe 
numerical  side  of  the  problem,  however,  was  considerably  advanced 
by  the  new  mathematical  methotls  perfected  by  Newton  and  Leibniti, 
commonly  called  the  diS^ereutial  and  the  integral  oalenlos.  And 
about  the  middle  of  the  seventeenth  century,  some  time  before  New- 
ton and  Iieibnitz  represented  n  by  series  of  powers,  the  English  mathema- 
ticians Wallia  and  Lord  Bronncker,  Newton's  predecessors  in  a  certain 
sense,  succeeded  in  representing  ir  by  an  infinite  series  ot  figures  com- 
bined by  the  first  four  rules  of  arithmetic.  A  new  method  of  computa- 
tion was  thus  opened.  Wallis  found  that  the  fourth  part  of  r  is  repre- 
sented more  exactly  by  tlie  regularly  formed  product 

|xjx|x^xjx?xgx,  ete., 

the  farther  the  multiplication  is  continued,  and  that  the  result  fUways 
comes  out  too  small  if  we  stop  at  a  proper  fraction,  but  too  large  if  we 
stop  at  an  improper  iraction.  Lord  Brouncker,  on  the  other  hand,  rep- 
resents the  value  in  qnestion  by  a  continued  fraction  in  which  all  the 
denominators  are  equal  to  2  and  the  numerators  ai^  odd  square  num- 
bers. Wallis,  towhom  Brouncker  had  communicatod  hiselegant  resnit 
without  proof,  demonstrated  the  same  in  his  "Arithmetic  of  Influites." 

The  computation  of  ir  could  hardly  be  farther  advanced  by  these  re- 
salts  than  Ludolf  and  others  had  carried  it,  though  of  course  iu  a  more 
laborious  way.  However,  the  scries  of  powers  derived  by  the  assistance 
of  the  difTerential  calculus  of  Newton  and  Leibnitz  furnished  a  mean^ 
of  computing  n  to  hundreds  of  decimal  places. 

Other  cahulatiom. — Gregory,  Newton,  and  Leibnitz  next  found  Uiat 
the  fonrtb  part  of  a  was  equal  exactly  to 
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i-i+i-HJ-A+A-"-. 

if  we  oODceire  tbia  Beries,  which  ia  called  the  Leibnitzian,  indefloitely 
condnaed.  This  series  is  indeed  wouderfally  simple,  bat  is  not  adapted 
to  the  compntatioD  of  n,  for  the  reasoD  that  entirely  too  many  members 
bare  to  he  taken  into  accoant  to  obtain  n  accurately  to  a  fev  decimal 
places  only.  The  original  formala,  howerer,  from  which  this  series  is 
deriTed,  gives  other  formnlas  which  are  ezcelleutly  adapted  to  the  ac- 
taal  compatation.    This  formala  is  the  general  series : 

a=o-ia'+Ja'-|o'+  . . ., 

where  a  is  the  length  of  the  arc  that  belongs  to  any  central  angle  in  a 
circle  of  radios  1,  and  where  a  is  the  tangent  to  this  angle.  From  this 
«e  derive  the  following : 

l={a+b+c+  .  . .  )-j(a'+fc'+c'+  ...)+>  (a'+i^+c»+  . . . } , 

"here  a,b,c...  are  the  tangents  of  angles  whose  sam  is  46°.  Deter- 
mioiug,  therefore,  the  values  of  a,  ft,  c ,  .  .,  which  are  eqnal  to  small 
and  easy  fractions  and  fulfill  the  condition  just  mentioned,  we  obtain 
tertes  of  powers  which  are  adapted  to  the  computation  of  t.  The  first 
to  add  by  the  aid  of  series  of  this  description  additional  decimal  places 
toUie  old  35  in  the  namber  it  was  the  English  arithmetician  Abraham 
Sharp,  who,  following  Halley*s  instructions,  in  1700,  worked  out  n  to 
I2decimal  places.  A  little  later  Machin,  professor  of  astronomy  in 
lAidon,  competed  Jt  to  tOO  decimal  places;  putting,  in  the  series  given 
ibore,  a=h=c=d=\  and  c=— jis,  that  is  employing  the  following 
Kries: 

*      '|_5~3.5=+5:S*"~7.5''^"  *  J     \Wi     3.^39'''"  5:^5^  J 

Id  the  year  1819,  Lagny,  of  Paris,  ontdid  the  computation  of  Maohin, 
determining  in  two  different  ways  the  first  127  decimal  places  of  ;r. 
^tgsthen  obtained  as  many  as  140  places,  and  the  Hamburg  arithme- 
linas,  Zacharias  Dane,  went  as  far  as  200  places.  The  latter  did  not  use 
Hachin's  series  in  bis  calculation,  bat  the  series  produced  by  patting 
'D  the  general  series  above  given  a=  j,  b=.\,  e=\.  Finally,  at  a  recent 
date,  K  has  been  compnted  to  500  places. 

^e  computation  to  so  many  decimal  places  may  serve  as  an  illustra- 
hon  of  the  excellence  of  the  modern  method  as  contrasted  with  those 
■oaeotly  employed,  but  otherwise  it  has  neither  a  theoretical  nor  a 
practical  value.  That  the  computation  of  t  to  say  IS  decimal  places 
■■Wrethan  sufficiently  satisfies  the  subtlest  requirements  of  practice  may 
'K  gathered  from  a  concrete  example  of  the  degree  ol  exactness  tbns 
obt^nable,  ,         , 

DcmizedbvCjOOglc 


118  THE   agiTARINO   OP  THE   CIBCLE. 

Idea  of  exactness  obUUnable  with  the  apprommate  values  of  x.~-lm- 
aglne  a  circle  to  be  described  witli  Berlin  as  ceuter,  aad  the  circam- 
ference  to  pass  tbroagb  Hambarg;  tben  let  the  circamference  of  the 
circle  be  computed  by  maltiplyiug  its  diameter  with  the  vatae  of  s  b> 
15  decimal  places,  aud  then  conceive  it  to  be  actually  measured.  The 
deviation  fVom  the  true  length  in  so  large  a  circle  as  this  even  coaM 
not  be  as  great  as  the  IS  millionth  jiart  of  a  millimetre. 

An  idea  can  hardly  be  obtained  of  the  degree  of  exactness  produced 
by  100  decimal  places.  But  the  following  example  may  possibly  give 
us  some  conception  of  it.  GoDoe>e  a  sphere  constructed  with  the  eartli 
as  center,  and  imagine  its  surface  to  pass  through  Sirine,  which  is  134} 
milliou  million  kilometres  distant  from  us.  Tben  imagine  this  enormoiiB 
sphere  to  be  so  packed  with  microbes  that  in  every  cubic  millinietn 
millione  of  millions  of  these  diminutive  animalcnla  are  present.  Nov 
conceive  these  microbes  to  be  all  uupacked  and  so  distributed  singl; 
along  a  straight  line  that  every  two  microbes  are  as  far  distant  from 
each  other  as  Sirus  fh)m  us,  that  is,  134^  million  million  kilometies. 
Conceive  the  long  line  thus  fixed  by  all  the  microbes  as  the  diameterof 
a  circle,  and  imagine  the  circumfeience  of  it  to  be  calcnlated  by  mnlti- 
plying  its  diameter  with  n-  to  100  decimal  places.  Then,  in  the  case  of  a 
circle  of  this  enormous  magnitude  even,  tbeciroumferenoe  thnscalcD' 
lated  would  not  vary  from  the  real  circumference  by  a  millionth  oft 
millimetre. 

This  example  will  snflQce  to  show  that  the  calculation  of  n-  to  100  or 
500  decimal  places  is  wholly  useless. 

Profetaor  Wolffs  curious  method, — Before  we  close  this  chapter  opon 
the  evaluation  of  tt,  we  must  mention  the  method,  less  (truitfol  thiD 
curious,  which  Professor  Wolff,  of  Zurich,  employed  some  decades  sfo 
to  compute  the  value  of  n*  to  3  places.  The  floor  of  a  room  is  divided 
np  into  equal  squares,  so  as  to  resemble  a  hoge  chess-board,  aud  t 
needle  exactly  equal  in  length  to  the  side  of  each  of  these  squaiesit 
cast  haphazard  upon  the  door.  If  we  calculate  now  the  probabiliUwof 
the  needle  so  falling  as  to  lie  wholly  within  one  of  the  squares,  that  is, 
so  that  it  does  not  cross  any  of  the  parallel  lines  forming  the  squanA. 
the  result  of  the  calculation  for  this  probability  will  be  fonnd  to  be  ex- 
actly eqnal  ton-  —  3.  Consequently  a  sufficient  number  of  casts  of  the 
needle  according  to  the  law  of  large  numbers  mnst  give  the  value  of  n 
approximately.  As  »  matter  of  fact.  Professor  Wolff,  after  10,000  trials, 
obtained  the  value  of  tt  correctly  to  3  decimal  places. 

IV.— PROOF  THAT  THE  PROBLEM  18  1N80LVADLE. 

Mathematicians  ::owBeek  to  prove  the  iusolvabilityof  the  proUeu. 
Fruitful  as  the  calculus  of  Newton  and  Leibnitz  was  for  the  eraju- 
ation  of  n-,  the  problem  of  converting  a  circle  into  a  square  having  ex- 
actly the  same  area  was  in  no  wise  advanced  thereby.  Wallis,  Newton, 
Leibnitz,  aud  their  immediate  followers  distinctly  recognized  this.   The 
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qoadratoro  of  the  circle  coald  iiot  be  solved ;  but  it  alao  could  uot  bo 
proved  that  the  problem  was  iDsolrable  with  ruler  and  compasaea, 
ftlthoagh  everybody  was  cooriueed  of  its  iosolvability.  In  raatbemat- 
ic8,  however,  a  coDvictioii  is  only  justified  when  supported  by  iucOD- 
trovertilile  proof;  and  in  the  place  of  endeavors  to  solve  the  quadra- 
tare  there  acoordingly  now  come  endeavors  to  prove  the  impossibility 
or  solving  the  celebrated  problem. 

Lambert's  eontribution. — The  first  step  in  this  direction,  small  as  it 
wiH,  was  made  by  the  French  mathematician  Lambert,  who  proved  id 
tiie  year  176t  that  >r  was  neither  a  rational  number  nor  even  the  square 
root  of  a  rational  number ;  that  is,  that  ueither  ir  nor  the  square  of  n 
csD  be  exactly  represented  by  a  Iraction  the  denominator  and  nume- 
ntor  of  which  are  whole  numbers,  however  great  the  numbers  be  taken. 
Lambert's  proof  showed,  iudeed,  that  the  rectificatiou  and  the  quadra- 
tare  of  the  circle  could  not  be  possibly  accomplished  in  the  particular 
«aj  in  which  its  impossibility  was  demonstrated,  but  it  still  did  not 
exclude  the  possibility  of  the  problem  being  solvable  in  some  otfaer  more 
Mmplicateil  way,  and  without  requiring  further  aids  than  ruler  and 


The  conditions  of  the  demonttration. — Proceeding  slowly  but  surely  it 
vunext  soDght  to  discover  the  essential  diAtiiiguisbing  properties  that 
separate  problems  solvable  with  ruler  and  compasses,  from  problems 
ibe  construction  of  which  ia  elementarily  impossible,  that  itt,  by  solely 
eoiploying  the  postulates.  Slight  reftection  showed  that  a  problem  ele- 
tnentarily  solvable,  mast  always  possess  the  property  of  having  the 
nnkDown  lines  in  the  figure  relating  to  it  connected  with  the  hnown 
lines  of  the  figure  by  an  equation  for  the  solution  of  which  equations  of 
the  first  and  second  degree  alone  are  requisite,  and  which  may  be  so 
disposed  that  the  common  measures  of  the  known  lines  will  appear  only 
u  integers.  The  conclusion  was  to  be  drawn  from  this,  that  it'  the 
qaadratnre  of  the  circle  and  consequently  its  rectification  were  ele- 
mentarily solvable,  the  nnmber  n,  which  represents  the  ratio  of  the 
QDkuowu  circumference  to  the  known  diameter,  must  be  the  root  of  a 
certain  equation,  of  a  very  bigb  degree  perhaps,  but  iu  which  all  the 
numbers  that  appear  are  whole  numbers ;  that  is,  there  would  have  to 
eiist  an  eqastion,  made  np  entirely  of  whole  numbers,  which  would  be 
correct  if  Ita  anknown  quantity  were  made  equal  to  r. 

Knal  tueces*  of  Professor  lAnderaann. — Since  the  beginning  of  this 
century,  consequently,  the  eSorts  of  a  number  of  mathematicians  have 
been  bent  npon  proving  that  n  generally  is  not  algebraical,  that  is, 
that  it  can  not  be  the  root  of  any  equation  having  whole  numbers  for 
coefflcients.  But  mathematics  had  to  make  tremendous  strides  tbr- 
ward  before  the  means  were  at  hand  to  accomplish  this  demonstration. 
After  the  French  academician,  Professor  Hermite,  had  furnished  im- 
portant preparatory  assistance  in  his  treatise  8ur  ia  Fonction  Expo- 
■KMteUtf,  poblisbed  in  the  seventy -seventh  volume  of  the  Comptes 
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Bendita,  Professor  Lindeioami,  at  tUat  time  of  Freibarg,  now  of  EoDigs- 
licrg,  finally  sutMseeiled,  in  Jaue,  18S2,  iu  rigorously  demoDStrating  tbat 
the  uumljer  n  ig  not  algebraical,*  tlius  soppiying  the  first  proof  tliat 
tlie  problems  of  the  rectification  and  the  sqaaring  of  the  circle,  with 
the  belp  only  of  algebraical  iostnimenta  like  ruler  and  compasses  are 
insoivable.  Liodemann's  proof  appeared  succeesively  in  the  Reports 
of  the  Berlin  Academy  ( Jnne,  1882),  in  tbe  Cvmptca  Bendui  of  the 
Frencfa  Academy  (vol.  cxv,  pp.  72-74),  ard  in  the  Mathematiaclin  Ah- 
nalen  (vol.  xx,  pp.  213-225). 

The  verdict  of  malkematies. — "It  is  impossible  with  ruler  and  com- 
passes to  construct  a  square  eqnal  in  area  to  a  given  circle."  Theee  are 
the  words  of  the  final  detArmioatiOQ  of  a  controversy  which  is  as  old 
as  the  history  of  the  human  mind.  But  the  race  of  circle-sqnarers,  nn- 
mindfal  of  the  verdict  of  mathematics,  that  most  infallible  of  arbiters, 
will  uever  die  ont  so  long  as  ignorance  aod  the  thirst  for  glory  shall  be 
united. 

*  For  tbe  benefit  of  m;  matfaematlcftl  readers  I  Hhall  present  here  tbe  moat  impor- 
tant Htepa  o(  Lindeinann'B  demoDstrstiOQ,  H.  Hermite  in  order  to  prove  tbe  tranMcn- 
dental  obarMter  of 


'■ra  +  ria+ 
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developed  relations  betvean  certain  definite  iutegrals  ( Conpte*  Bendat  at  tbe  ntit 
Acsdemf,  1473,  vol.  Lxxvii).  Proceeding  from  the  relations  thus  established,  Pio- 
feasorLindemann  first  demon stra tee  tbe  following  propositior  ■.  If  thocoefflcientaof 
an  equation  of  fltli  degree  are  all  real  or  complex  whole  nnmbera  and  tbe  n  roots  of  thia 
equation  t,,  it «.  are  diflereat  from  zero  and  from  each  other  it  is  impoowble  foi 


to  he  eqnal  to  -g,  nbere  a  and  (  are  real  or  complex  whole  nnmbers.  It  is  then  sbovs 
that  also  between  the  fuoetions 

,"'+,"•+,"■+ "■ 

where  r  denotes  an  integer,  no  linear  equation  can  exist  with  rational  eo«fficletitj 
variant  from  seio.  Fiualty  tbe  beautiful  theorem  reanlts:  If  2  is  tbe  root  of  an  irre- 
ducible algebraic  equation  tbe  coefficients  of  which  are  real  or  complex  whole  num- 
bers, then  e*  cau  not  be  equal  to  a  rational  number.  Now,  iu  reality  t'"~  is  equal 
to  a  rational  miiiibei,  nauiel;,  — t.  Consequently,  iTv' — I.  and  therefore  itaelf,  can- 
not be  tbe  mot  of  an  equation  of  nth  degree  baviog  whole  nnmben  for  coeSSoieDts, 
and  therefore  also  uot  of  snch  an  equation  baviog  rational  coeffielenta.  If  the  squar- 
ing of  the  circle  with  ruler  and  compasses  were  possible,  however,  x  wonld  have  tbe 
property  last  mentioned. 
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By  William  C.  Wihlook. 


The  following  record  of  astroDomy  for  the  years  1889  and  1890  is 
preseoted  in  easentialty  the  same  form  aa  its  predecesHors.  The  com- 
piler has  made  firee  use  of  reviews,  id  tbe  varioas  braDches  of  astronomy, 
cootribatMl  by  specialists  to  the  Athenteum,  Nature,  Journal  of  the  As- 
tmomieal  Society  of  the  Pacific,  the  Observatory,  Bultetm  Astronomique, 
the  Aitronomieal  Journal,  and  other  periodicals. 


Uotiont  of  the  planetary  nebnUe  in  the  line  of  sight. — No.  1 1  of  tbe  Pnl)- 
llcatioDB  of  tbe  Astronomical  Society  of  the  Pacific  contains  a  very 
important  paper  by  Mr.  James  E.  Keeler  on  tbe  "  Motions  of  tbe  plan- 
etary Debnlee  in  tbe  line  of  sight"  Tbe  paper  is  an  important  one  in  a 
twofold  aspect:  first,  in  its  bearing  on  a  matter  just  now  under  tlis- 
OLuion  by  the  highest  aatborities,  as  to  the  cbaracter  and  position  of 
tbe  brightest  nebolar  line,  and  secondly,  in  tbe  evidence  it  affords  of 
oebalar  movements. 

Ae  to  the  character  of  the  nebnlar  line,  Mr.  Eeeler's  testimony  is 
moBtempbatic,  and  entirely  confirms  Dr.  Huggins's  observations.  "Tbe 
nebular linee,"  he  reports,  "appeared  to  be  perfectly  roonocbromatic 
ioBges  of  tbe  slit,  widening  when  tbe  slit  was  widened  and  narrowing 
to  excessively  fine  sharp  lines  when  it  was  closed  up."  Tbe  chief  neb- 
ular line  "  showed  no  tendency  to  assume  the  aspect  of  a  remnant  of 
flntiDg  under  any  circnmatances  of  observation."  This  observation, 
made  not  on  one  nebola,  but  on  a  number,  and  with  a  dispersion  often 
eqairalent  to  that  of  21  prisms  of  60°,  for  the  fourth  spectmm  of  a 
Rowland's  grating  of  11,438  lines  to  tbe  inch  was  often  used,  is  by  far 
tbe  strongest  evidence  we  have  yet  bad  on  this  question  of  tbe  charac- 
ter of  Uie  chief  nebular  line,  and  it  is  dead  against  Mr.  Locbyer's 
tbeory. 

'Hieposition  of  the  nebnlar  line  is  also  fixed  with  very  coosidemble 
wrtsinty ;  and  here,  again,  Dr.  Huggins's  observations  receive  complete 
tonfirmation.  It  was  not,  in  any  one  of  ibe  nebulte  observed,  coincident 
viththeflating  of  magnesium,  bat  was  always  seen  some  distance  to 
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tbe  btae.  The  importance  of  thla  observation,  eepecially  when  talcen 
vitb  the  report  aa  to  Uie  ebaracter  of  the  line,  is  of  tbe  highest  kind  in 
Ite  bearing  on  Hr.  LockyeHH  great  meteoritic  tlieor;.  If  the  chief  neb- 
olar  line  is  DOt  tbe  remnant  of  tbe  mnguesium  flatiog  the  rer>'  keystone 
is  knocked  away  ^om  the  arch  and  the  edifice  as  aach  falls  to  pieoea- 
TSo  doabt  there  wonld  be  many  isolated  fragments  of  considerable  Tolne 
still  left.  Thestroctare  mighteTeo  bepottogetberagain,  hereafter,  on 
a  new  plan,  and  with  a  more  lasting  reeolt,  bnt  tbe  theory  as  it  nov 
stands — the  theory  aa  a  whole — would  be  irretrievably  wrecked.  On 
tbe  other  band,  if  tbe  identity  which  Mr.  Lockyer  asserts  were  estab- 
lished, it  wonld  be  a  victory  for  him  of  the  first  importance. 

It  is  indicative  of  the  progress  of  practical .  spectroscopy  that  tbe 
whole  queetioD  toros  on  an  almost  inappreciable  difl'ereuoe  of  poaitioa, 
the  mean  value  for  the  wave-leugth  of  the  nebular  line  as  found  by  Hr. 
Eeeler  from  ten  nebolte,  being  6,005.68  tentb-meCera,  whilst  that  of  the 
fluting  of  magnesium  is  6,006.36.  In  the  brightest  nebnla  ezainlned  the 
wave-Jength  obtained  was  u,0U6.13  tenth-meters,  only  0.23  distant  from 
the  magnesium  Anting.  As  the  observations  stand  they  iwint  straofly 
to  tbe  nebular  line  being  slightly  but  distinctly  more  refrangible  than 
the  edge  of  tbe  magnesium  fluting,  and  therefore  not  due  to  it.  Bat 
tbe  amount  of  displacement  is  not  so  great  a«  to  make  it  altogether  iO' 
conceivable  that  it  is  due  to  tbn  relative  motion  of  tbe  nebulte  and  tbf 
solar  system,  for  all  the  ton  nebulte  observeil  are  in  that  bemiapbere 
toward  which  tbe  sun  is  travelling,  and  seven  of  them  are  within  45°  of 
the  apex  of  the  "  Sun's  Way,"  so  that  a  correction  most  be  applied 
which  would  tend  to  bring  the  nebular  line  nearer  to  the  fluting;  hov 
mnch  nearer  we  cannot,  in  our  igonrauce  of  the  speed  of  the  sun'e 
motion  in  space,  at  present  say,  bat  a  rate  of  36  miles  per  second  wonld 
suffice  to  make  the  accord  a  perfect  one.  If  Hr.  Keeler  could  obtain  a 
series  of  comparisons  of  the  F  line  in  these  nebuliF  with  hydrogen,  the 
problem  would  be  solved.  Or  the  determination  of  the  place  of  the 
line  in  a  number  of  nebulie  in  the  hemisphere  we  are  leaving  would  go 
far  to  settle  the  matter.  In  tbe  mean  time  it  is  still  postible  that  the 
eventual  result  may  favor  Mr.  Lockyer's  theory.  It  may  be  added  in 
reference  to  Mr.  Lockyer's  paper,  appearing  in  So.  293  of  the  Proceed- 
ings of  the  Boyal  Society,  that  if  we  accept  Mr.  Eeeler's  measures  it  is 
clear  that  Mr.  Lockyer  did  not  employ  sufficient  dispersion  to  decide 
the  point  at  issne. 

Tbe  second  point  brought  out  by  Mr.  Eeeler's  measures  is  the  fact 
that  tbe  nebula;  have  very  distinct  movements  of  tbeir  own.  As  we  do 
not  yet  know  to  what  substance  tbe  chief  nebular  line  is  dne,  and  a» 
Mr.  Keeler  could  not  make  any  measures  of  the  blue  hydrogen  lints  in 
the  nebulsB  at  all  comparable  in  accoracy  to  those  he  made  of  the  chier 
line,  we  can  not  say  that  the  difference  in  position  of  tbe  chief  line  f^m 
any  given  comparison  line  is  due  to  the  motion  of  the  nebala.  All  ve 
can  do  at  present  is  to  observe  a  number  of  nebulie,  adopt  tbe  mean 
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place  tbey  give  as  the  true  position  or  the  nebular  line,  and  reconi  tbe 
differencea  from  tbis  mean  as  doe  to  differences  of  motion  from  tbe 
mean  motioo.  The  extreme  difference  obsurred  between  any  two 
Debolte  amounted  to  very  nearly  70  miles  per  second. 

It  18  impossible  to  leave  this  paper  withont  a  word  on  tbe  accuracy 
of  the  measoree.  The  spectrum  of  2'  6  was  examined  on  nine  nights. 
Ilie  {greatest  difference  of  any  one  night's  obsemition  from  the  mean 
wu  only  0.11  tenth-metre,  or  in  miles  per  second  4.2;  the  mean  dif- 
ference bat  0.M,  or  iu  miles  per  second  1.5.  Bach  accaracy  was  only 
poBrible  by  using  an  eaormons  dispersion,  and  it  implies  very  perfect 
iaatrnmental  and  atmospheric  conditions.  But  it  also  implies  au  ez- 
tTHoe  delicacy  of  eye  aod  hand  in  the  observer ;  tbe  "  man  behind  the 
teleooope"  is  in  evidence.  For  it  should  be  remembered  that  the  great 
size  of  tiie  Lick  telescope  is  no  special  advantage  in  work  of  this  par- 
lienlar  class,  its  high  proportion  of  focal  length  to  aperture  being  a 
diidnot  disadvantage.  A  mach  smaller  object-glass,  with  a  focal  length 
of  12  to  1,  would  give  brighter  images. — (E.  W.  Haundeb.  The  Ob- 
ttrvatory,  No.  16S.) 

Mr.  Lockyer  having  poblisbed  some  results  at  variaoce  with  those 
obluned  by  Dr.  and  Hrs,  Huggins  with  respect  to  the  principal  line 
in  the  spectram  of  tbe  great  nebula  in  Orion,  they  have  made  careful 
n determinations,  decisively  confirming  their  previons  results :  (1)  that 
tbe  principal  line  is  not  coincident  with,  but  falls  within,  the  termina- 
tkiDorthe  magnesinm  Same  band;  (3)  that  in  the  nebula  in  Orion  this 
line  presents  no  appearance  of  being  a  "fluting." 

The  £aiot  star  discovered  in  tbe  trapezium  of  tbe  Orion  nebula  by 
AlvftD  Clark,  when  the  Lick  telescope  was  first  mounted,  has  been 
tcnai  by  Barnard  to  be  double,  another  star  has  also  been  detected  in 
tbe  trapezium  by  Barnard,  and  {rtso  one  of  about  the  same  magni- 
tode  (sixteenth)  as  the  Clark  star  just  preceding  the  trapezium. 

Within  tbe  ring  of  the  well-known  ring  nebula  of  Lyra  six  stars  have 
been  found  by  Holden  and  Schaeberle  with  the  SOinoh  Lick  telescope 
vliere  bat  one  was  known  before,  and  five  new  stars  have  been  lound 
in  ihe  nebulosity. 

ASTHONOMICAL  CONSTANTS. 

fUfiraction. — M.  Badau  has  published  in  volume  19  of  tbe  Paris  Observ- 
*Urrj  Aiwaiea  a  very  complete  memoir  on  astronomical  refraction,  which 
ifiA  with  the  tiieoretical  as  welt  as  the  practical  side  of  tbe  question, 
■Dd  eoDtains  complete  tables  in  a  convenient  form  suitable  for  actual 
eompntation. 

Diunai  nutation, — M.  Folie'a  work  on  diurnal  natation  has  not  met 
with  geoeral  acceptance.  One  of  the  latest  discussions  of  the  sntyeot 
it  that  by  Herr  Lehman  Filh^,  published  in  No.  2976  of  the  Aa^ronom- 
t*c*«  NaekriAtm. 
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Preceggion. — A  useful  table  of  the  tbird  tenn  of  the  preaessioo  hu 
beeu  compated  by  Herr  Kloock  and  pabliehed  by  the  Ei^  Observatory. 

Earknesg'a  aatronomical,  physical,  and  geodetic  constantt, — Prot  Wm, 
Harkness,  of  the  V.  S.  Naval  Observatory,  has  been  at  work  for  some 
time  apoD  a  homogeneoas  eyatem  of  inter-related  constants,  more 
trostworthy  valaes  of  which  are  to  be  attained  by  the  solation  of  eqn*- 
tioDB  of  condition,  io  which  the  beet  valnes  resalting  iVom  observatioD 
are  intcodnced  and  combined  with  the  nxpression  of  their  matnal  re- 
lations. 

A  preliminary  comma  oication  of  resalts  was  made  to  the  Astromnn- 
ical  Joaroal,  No.  191,  bat  it  seems  preferable  to  quote  here  the  floal 
valnes  poblisbed  by  Professor  Harkness  in  Appendix  III  to  the  WibIi- 
ington  ObserratJons  for  1891,  thoagb  the  latter  work  was  not  issued 
till  after  the  close  of  the  year  1890. 

Professor  Harkness  has  collected  the  varioas  determioatious  of  each 
of  the  constants  in  question,  decided  upon  the  valaes  to  be  adopted  in 
the  compatations,  often  asing  the  method  of  least  sqaares  for  this  pnr- 
pose;  and  has  then  employed  this  method  in  order  to  obtain  a  reeultaut 
bomogeneons  system. 

Among  the  resalls  obtained  are  the  following: 

Earth's  equatorial  •eml-diameter 6,377  979  ±1  348  meters. 

Earth's  polar  semi-diameter 6,366  727^99.1  ineteTs. 

Length  of  aecoDdA-pendnUiii 0b.990  91  +  0°.00&  29  sin  V 

Length  of  sidereal  da; 86 164.099  65  mean  solar  aeoondi. 

Length  of  sidereal  year 365'' 6"  9"  9'.3U. 

Solar  paraUai e".809  05±0".00567. 

Lunar  parallax 1  42a".542  16  ±0".IS5  33. 

CoDStant  of  aberratioD 20".454  51  ±0".01S53. 

The  mean  distance  of  the  earth  from  the  nan,  with  the  above  value 
of  the  solar  parallax  18  92,796  950±59  715  miles,  or  149,340  870±96 101 
kilometers. 

BTAR  CATi.LnaUBB. 

The  ttar  catalogue  of  the  Aatronomische  OeseUsehaft. — ^The  first  parte 
of  the  great  catalogue  of  the  Astronomiscbe  Gesellsohaft  appeared  in 
1890.  They  are  the  volumes  containing  the  oatalognes  of  sones  ob^ 
served  by  Kmeger  at  Helsingfors  and  Ootha,  by  Boss,  at  Alttany,  and 
by  Feamley  and  Geelmnyden  at  Ohristiania.  The  two  first  mentioned 
volumes  contain  respectively  the  positions  of  14,680  and  of  8,^41  stars 
for  the  equinox  of  1876. 

It  may  be  worth  while  to  recall  here  the  origin  of  this  great  under- 
taking, now  nearing  completion.  The  zones  of  the  Bittoire  ciUtU  ' 
fran^ise,  published  by  Lalande  comprise  about  60,000  stars  from 
the  first  to  the  eighth  magoitude,  bat  they  were  not  catalogued  till 
nearly  half  acentury  after  their  completion.  Those  ofBessel,  observed 
at  Koeiiigsberg  from  1821  to  1833,  contain  62,000  stars  from  the  first  to 
the  Dinth  magnitade  between  — 16<^  and  +  46°  decliuation ;  the  two  cata- 
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lo^rnes  of  Weisae  appeared  iu  1846  aod  1863.  From  1841  to  1853  Arge- 
laadercoDtuiued  his  work  at  Bona,  aotl  his  northern  zones  (published  Id 
1846)  contain  22,000  stars  between  +45o  aud  +80°  and  the  soathern 
zones  (pabUsbed  in  1852)  17,000  betweea  —15°  aod  —31°,  catalogued 
bjOeltzen  (1851  tolSST).  The  positioDSiu  these  different  catalogaes 
depeod  upon  meridiail  observations. 

Ib  18S2,  having  flnistaed  his  zones,ArgelaDdercoDceiTedtbeplanof  a 
work  of  much  greater  extent.  It  was  to  flx  approximately  the  positions 
ofailstarstotbe  ninth  magnitade,  and  perhaps  a  little  below  (9.5),  visi- 
ble ifl  our  latitudes.  To  accomplish  this  the  plan  was  to  employ  simply  a 
Hnall  telescope,  the  observer,  with  his  eye  always  at  the  telescope,  to  call 
oat  to  a  recorder,  who  sat  close  by  with  a  chronometer.  The  preliminary 
trials,  by  J.  Schmidt,  being  successful,  the  work  was  began,  and,  with 
tbe  help  of  £raeger  and  Schoeufeld,  on  whom  the  greater  part  of  the  la- 
bor fell,  the  revision  of  the  northern  sky  was  finished  in  1859 ;  and  this 
ii  the  work  that  we  know  as  the  "  Bodq  Iturcbmusterung." 

TheDarcbmnsterang,pabli8hed  between  1859  aad  1862  iu  volntnes  3, 4, 
uidSof  the  Boon  Observations,  contains  no  less  than  324,198  stars,  lying 
betireeu  2°  Booth  declination  and  the  north  pole,  the  zone  between  +81° 
ind  the  pole  being  a  revision  of  Oarrington's  catalogue.  Yolome  6  of 
tbe  "Bonn  Beobacbtaogen,"  contains  fattaermore  34,000  positions,  deter- 
mined by  Argelander  with  the  meridian  circle.  The  stars  of  tbe 
Donshmiisternng  are  plotted  on  a  series  of  charts  published  in  1863. 
EUnoeArgelander'B  death  Scboenfeld  has  completed  a  similar  piece  of 
«ork  for  onrsootbern  sky,  the  "  Stidliche  Durcbmusterung  "  (1886),  con- 
taiDiDgmore  than  133,000  stars,  between  —2°  and— 23°,and  Gould  at 
Cordoba  has  extended  the  zones  to  the  neighborhood  of  tbe  south  pole. 

Upon  the  organization  of  the  International  Astrooomiscbe  Gesell- 
Khaftinl865,  the  question  atonoe  came  np  of  undertaking,  by  the  co-op- 
eration of  several  obaervatories,  tbe  exact  determination  of  tbe  positioDS 
o(  all  these  stars  provisionally  catalogued  in  the  Dnrchmosternng.  A 
programme  for  tbe  work,  prepared  by  a  special  committee,  was  finally 
drilled  upon  at  the  meeting  iu  Vienna  in  1869.  The  new  revision  was 
coDUned  to  the  limits  of  —2°  and  +80^  declination,  the  positions  of 
tbecircamt>olars  seeming  to  be  sutBcieutly  well  known  from  the  work 
of  CarriDgton  and  that  of  the  astronomers  at  Hamburg  and  Kazan.  The 
tODea  were  at  first  assigned  as  follows : 

80°  to  75=  Km»d.  35°  to    30'^  Leipzig. 

75   to  70    Dorpat.  30    to   SS   Cambridge  (England). 

TO  to^  ChriBtianla.  25  to  ir>  BerliD. 
65  to  55  HelaiDgfon.  15  to  10  Leipzig. 
55   t«50  t  10   to     4    MauDheim. 

50    to  40    BODii.  4    to      1    NeiifrbHto). 

40   to  35    Chiaa};o.  +1    to  —'i    Palermo. 

Palkowa  undertook  the  determination  of  530  fundamental  stars  care- 
foUf  selected  by  Dr.  Anwers,  which  should  form  points  of  referenca 
In  the  20  years  that  bave-elapsed  since  the  great  catalogue  was 


126  ASTRONOMY   FOR   188B,  1890. 

decided  apou  several  changes  have  been  mode  in  the  origiaal  pro- 
gramme,  tlie  woik  bwag  eveirtaally  divided  up  among;  the  follftiring 
observii  tones : 

80"  to  75°  Kamd. 
a  70    Dorpat. 


35°  Ui  30°  Lsyden. 
30   to  25    Cambridge  (Eng.) 
SS    to  15 '  Berlin. 
15   to    5    Leipiig. 
5    to    I    Albsnj. 
+  1  to-3    NJcoUier. 


TO    to  65    Cbrittiaoio. 

(m    to  55    Relaiagfora-Gotlia. 

55   to  50    Cambridge  (U.S.). 

50    to  40    Bonn. 

40  to  35  Lnnrt. 
The  work  of  observation  is  tiovr  finished.  Some  of  the  Eooes  bavs 
been  poblished  (Kazan,  Chriatianm,  Heleiagfors,  Lund),  others  are  in 
press,  and  the  catalognes  have  been  begun.  Tliree  of  the  oatalogaes 
(Albany,  Helsingrors-Ootha,  and  ChriBtiania,)  have  jnst  appeared. 
Meanwhile  the  zones  have  been  extended  to  the  southern  sky,  tlie  fid- 
lowing  being  to  a  greater  or  less  extent  nnder  way : 

—2°  to  —    l>°  Strasbarg.  —14'^  to— 1B°  WuhiogtOD. 

—»    to -10     Vienna.  —IS    to -93  Algiers. 

-10  to  —  14   Cambridge  (U.  3. ), 

The  positions  of  the  303  fundamental  soathem  stars  are  furnished 
by  observations  undertaken  at  the  Cape  of  Good  Hope,  Madisoa, 
Annapolis,  Oarlsruhe,  Leiden,  and  Strasbnrg.  Goald's  southern  zones 
extend  from  —23°  to— 80°,  and  it  is  to  be  hoped  that  before  long  ws 
shall  have  a  cntalogue  embiacing  the  whole  sky,  the  value  of  which 
will  be  in  do  wise  diminished  by  the  photographic  chart  which  is  aboot 
to  be  begun. 

The  observations  for  the  Helsiogfors-Gotha  catalogue  were  made  al- 
most entirely  by  Dr.  Krneger  with  a  0™.  15  (6.9  inch )  Keichenbacli  merid- 
ian circle.  The  star  positions  are  for  the  epoch  1876,  and  besides  tbe 
right  ascension  and  declination,  the  precession  and  secular  variation, 
and  wherever  possible  the  pioper  motion  are  given.  Tbe  observations 
for  the  Albany  zone  were  made  by  Professor  Boss  with  a  0*".  20  (7.9  inches) 
Pistor  &  martin's  meridian  circle,  the  ti^naits  being  recorded  oa  the 
chronograph,  while  Dr.  Krueger  used  the  "eye-and-ear  "  method. 

The  probable  errors  come  out: 


Hotsingrors O-O*.  101 

■  Gotba .125 

I  Albany : 

!        3  observations .02.'> 

3  observations .O'Jl 

4  observatioDH .016 


Ex^veriments  were  made  with  wire-gauze  screeus  by  Professor  Boss 
to  deterniino  the  eJfect  of  differeuce  of  magnitude  upon  the  obserra- 
tions,  his  result  being  that  a  change  of  one  magnitude  produced  a 
ebauge  of  0*.014  in  tbe  {lersoual  e^iuatioa  iu  observing  a  transit. 
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Atbirdingtallmentoftbe  catalogne,  that  conti^niug  the  stars  fbim 
•fN°50' to  +70°  10',  has  also  appeared.  TheobBerriitions  were  made 
by  Proreaaors  Fearaley  and  Oeelmayden  with  the  Ertel  meridian 
emleof  the  Ohriatiaoia  Obaerratory,  of  48  lines  aperture.  The  prob- 
ibie  error  of  a  single  observation  is  given  as  ±  0^.064  in  right  asoeusioB 
(±0'.02  in  a  great  circle)  and  i:0".54  in  declination. 

YamaiPt  eataloffue.—A.  third  edition  of  the  catalogue  of  sonthern 
Stan  observed  with  the  transit  instmment  and  mnral  circle  at  the 
U.  3.  Naval  Observatory  from  1845  to  1877  has  been  pablished,  the 
work  of  revision  having  been  condncted  by  Professor  Frisby.  Great 
pBJQs  have  been  taken  to  eliminate  all  errata  detected  in  the  previons 
editions,  both  by  the  carefnl  examination  of  published  lists  of  eorrec- 
lioas  aod  by  comparisons  with  other  catalogues.  The  whole  nnmber 
of  stars  in  the  new  edition  is  10,964. 

Mtaaci  catalogue. — Band  1  of  the  "  Neae  Annaleu  der  k.  Slemwarte 
in  Bogeahaasen  bei  MHncben "  contains  a  catalogue  of  33,082  stars 
down  to  the  tenth  magnitude  inclusive,  between  ■ — 32*^  and  +24°  decli- 
nation, reduced  to  the  epoch  1880.0.  The  observations  were  made  with 
a  Beicbenbach  meridian  circle  of  109'°'°  (4.3  inches)  aperture  and 
orcle  of  0.95-  (37.4  inches)  diameter. 

8ee(md  Melbourne  catalogue.— Tba  catalogue  contains  the  reanlts  of 
obKrrations  made  with  the  old  transit  circle  of  5  inches  aperture  from 
tbe  beginning  of  1871  to  the  end  of  Angnst,  1884 ;  places  of  1,211  stars 
tie  given  for  1880. 

Bruuets  catalogue. — The  Brussels  catalogue  contains  10,792  stars  for 
the  epoch  1866,  observed  with  the  BmsBels  transit  instrument  and 
Sml  circle  in  the  years  1857 — 1878 ;  the  general  catalogue  is  preceded 
tij  the  positions  of  the  fundamental  stars  used  in  the  reductions.  A 
iQpplement  is  to  be  published  giving  corrections  to  the  catalogue  due 
to  k  aamber  of  inaccuracies  detected  in  the  reductions. 

Tie  WilUame  College  catalogue  of  north  polar  atart. — Professor  Saf- 
ford  has  pnblisbed  a  catalogue  of  right  ascensions  of  201  stars,  mostly 
vithin  10°  of  the  north  pole,  and  observed  by  him  with  the  4j-inch 
Bepaold  meridian  circle  of  the  Field  Memorial  Observatory  at  Williams- 
to*D.  The  results  have  been  reduced  to  tbe  epoch  1885.0.  Professor 
^ord  characterizes  his  catalogue  as  an  "  attempt  to  strengthen  the 
*eak  point  of  all  our  standard  catalogues — the  right  ascensions  of 
polar Btars,"  and  he  draws  the  following  conclusions  from  bis  work. 

"First  That  it  is  highly  conducive  to  accuracy,  Byst«matio  as  well  as 
in  detail,  to  I>a8e  a  catalogue  of  polar  right  ascensions  upon  standard 
places  in  all  hours  of  right  ascension,  rather  than  upon  double  transits 
ilane. 

"■  Second.  That  the  introduction  of  meridian  marks  according  to  Struve 
(long-focus  object  glasses,  also  suggested  by  Bittenbouse)  is  a  great 
^dfantage  to  the  primary  oatalogues. 
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"  Third .  That  the  eye-snd-ear  method  Bhonid  be  retfuned  as  tlie  Btaod- 
ard  withiD  a  narrow  rather  than  a  wide  range  of  polar  distance. 

"  Foarth.  That  modern  meridian  instraments  are  sabject  to  irregDlu 
small  changes  of  position,  which  are  not  direct  functions  of  tbetem- 
peratare;  so  that  in  all  differential  work  it  is  better  to  keep  a  eloM 
watch  upon  clock  rate  and  iuBtramental  adjastments  rather  tbon  to 
trust  the  instramental  zero  points  for  more  thau  2  hours  without  rede- 
termination of  the  most  essential. 

'*  Fifth.  That  the  right  asceasiuus  here  given  are  reasonably  aocaraCt- 

"  Sixth.  That  a  thorough  comparison  uf  the  chronographic  and  eye- 
and-ear  method  within  a  wide  range,  both  of  magnitude  and  decliiA- 
tion,  is  desirable." 

Qreenurich  10-year  catalogue,  1877  to  1S86,  published  in  the  volame 
of  Greenwich  Observations  for  1887,  contains  4,059  stars  for  tbe  epoch 
1880.0. 

The  catalogue  of  303  reference  stars  for  the  southeru  zoueS  of  tbe 
Astronomiscbe  Gesellscbart  has  been  published  by  Dr.  Anwers,  and 
although  the  material  accumulated  sioce  1880,  when  tbe  provisional  llet 
was  issued,  is  not  sufficieut  to  give  places  of  a  thoroughly  satisfsctoiy 
degreeof  accuracy,  tbe  final  corrections  wilt  probably  be  extremtly 
small. 

A  collection  of  all  available  meridian  observations  of  stars  that  >ili 
be  witbiu  1°  of  tbe  north  pole  iu  1900  bas  beea  prepared,  ander  tin 
directioQof  Professor  Pickeriog,  by  Miss  Winlock  and  published  as  the 
nintb  memoir  in  volume  18  of  tbe  Harvard  Observatory  AoDals. 

STEIXAB  PABALLAX. 

Professor  Pritcnanl  intends  to  examine  for  parallax,  by  the  aid  of 
photography,  all  stars  of  the  second  magnitude  suitably  situated  foi 
observation  at  Oxford,  in  the  hope  of  contributing  to  oar  knowledge  of 
what  Herschel  called  tbe  "  construction  of  tbe  bearens."  With  i«fer- 
ence  to  tbe  differences  in  the  results  obtained  by  different  observeiSi 
Professor  Pritchard  says:  "Guided  by  tbe  snggestions of  t«oent experi- 
ence, I  now  think  that  such  differences  of 'parallax'  might  very  reason- 
ably bave  been  anticipated  and  may  probably  be  accepted  as  matters 
of  fact  without  in  any  degree  impngning  the  accuracy  of  tbe  observa- 
tions. For  in  process  of  this  work  on  parallax,  and  also  from  the  gea- 
eral  history  of  similar  inquiries,  it  has  been  made  abundantly  evident 
that  no  necessary  connection  exists  between  tbe  brigbtoess  of  a  star 
and  its  position  in  space,  or  distance  from  tbe  sun.  Nevertheless  it 
•  is  this  very  difference  of  brightness  mainly  which  guides  as  in  tbe 
selection  of  comparison  stars.  The  'parallax'  is,  fn  fact,  and  is  becoo- 
iug  more  and  more  generally  recognized  to  be,  a  differential  qaantit}', 
fainter  stars  being  in  very  many  instances  much  nearer  to  us  tbaa 
others  possessing  incomparably  greater  brightness.  In  passing  Imaj 
here  instance  a  Lyrtu  as  comi)arv<I  with  til  Oygni;  ,i  Ueutaum  u 
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compared  witU  ■  Indi.  In  fact,  tbe  positiou  in  space  of  the  faint  com- 
{tarisou  stars  in  relatioD  to  that  of  the  star  whose  parallax  is  sought  is, 
if  not  a  matter  of  accideDt,  at  all  events  wholly  ankuown  until  the  ob- 
Hirmioiis  SDd  compntstions  are  complete." 

Professor  Pritcbard's  results  for  stellar  parallax,  as  published  in  tbe 
third  rolume  of  the  Oxfonl  ObservatiooB,  are  as  follows: 


SUr. 

^x'- 

Ptoper 
motiou. 

Parallax. 

4.B6 
4.98 
5.40 
!!.05 
8.41 
S.3S 
8.19 
2.57 

5.1fi 
5.16 
3.75 
0.05 
0.05 
0.55 
0.0-J 
0.16 

0.44 
0.44 
0.04 
0.08 
0.04 
0.16 
0.01 
0.06 

>(CaaMopeue 

Polar*             .  ... 

nCoBsiopein 

/9CawiopeitB 

rCaMiopelie , 

Vbe  greater  part  of  this  volume  is  devoted  to  a  diBcassion  of  t.he 
pinllax  of  61  Oygtti  aud  tbe  resattB  seem  to  justify  bis  remark  that 
"the  foDF  comparisoD  stars  probabl;  belong  to  a  remote  system  not 
GoataiuiDg  61  Gygui."    Tbe  probable  errors  deduced  are  small. 

At  tbe  annual  visitation  to  the  Oxford  Observatory  on  Jane  12, 1890, 
Piofegsor  Pritchaid  annoauced  tbe  results  of  the  determiuation  of 
puallaies  of  six  more  stars  by  the  photographic  method,  as  follows: 


Parallax. 

+  0. 115 
—    .040 
+    .091! 

+    .0^ 
+    0.74 

+  .oas 

Prob. 

±  o.tm 

.029 
.023 
.027 

^AXra^« ::::::: 

^UrueMtuorU 

.030 

l^e  sabjoined  tAble  forms  a  summary  of  a  paper  published  in  the 
Astronomisehe  Kachiiohten,  Nos.  2915  and  2913,  by  Dr.  Oudemaus,  in 
*bieb  he  collects  the  scattered  resnlts  for  stellar  parallax  obtainetl  in 
Uie  past  sixty  years.  Dr.  Oudemaus  concludes  that  "  stars  with  proper 
Bodous  greater  than  0."05  have  probably  an  annual  parallax  of  0."10 
toO."50, 


No.  of 

Proper 

Annual 

stara. 

9 

i.m 

9 

3.33 

.30 

9 

1.00 

.20 

9 

0  38 

.18 

10 

0.05 

.10 
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PROPER  MOTIONS. 

Professor  Boas  has  pnblished  in  the  AstroDomical  Jouroal  tbe  pvpa 
motions  of  295  stars  of  the  Albany  zone  (+  0°  50'  to  +  6°  1(K). 

Id  tbe  Bulletin  Astronomique  for  March,  1890,  is  a  moat  nsefnl  cati- 
logae,  compiled  by  Bosaert,  of  all  stars  whose  proper  motioD  isbnown 
to  exceed  0."50.     Thuy  are  thus  distributed : 


No.  of  start. 

Proper  motiou 
gnuter  lima 

5 

a.o 

4 

A.O 

6 

3.0 

a 

2.0 

11 

1.5 

30 

l.'i 

15 

1.0 

0.8 

77 

n.6 

73 

0.5 

DOUBLE  AND  MULTIPLE  STARS. 

Some  very  elegant  and  simple  furinulte  for  determining  thetnieariiit 
of  a  binary  star,  originally  published  in  Russian,  bare  beeu  broD^t 
out  by  Professor  Qlaseaapp. 

f  Scorpii. —  Uerr  Schorr  has  made  a  study  of  the  motiona  in  lliit 
triple  system  by  methods  similar  to  those  employed  by  Dr.  SeeiigcroB 
C  Gancri.  The  stitr  is  known  as  r  1098,  the  magnitudes  uf  its  mm[» 
nents  being  A  =  3.9,  B  =  5.2,  0  =  7.2. 

^Ophiochi  bas  been  divided  into  two  nearly  equal  componuite  In 
Burubam  witb  the  36  inch  Lick  telescope,  and  be  thinks  that,  it  v3 
prove  to  be  a  binary  of  short  period.  He  has  also  found  cotD|)aiiioei 
for  Aldebaran,  j-  Oassiopeite,  and  JOygni,  and  bas  been  able  tosr|» 
rate  and  measnre  a  companion  to  the  principal  star  in  the  pair  t  Hydrt 
the  existence  of  vfhich  was  suspected  by  previous  observers. 

Photographs  of  the  spectnim  of  Spica  have  put  beyond  question  tin 
reality  of  its  motiou  in  tbe  direction  of  the  line  of  sight.  Dr.  Vog* 
bas  deduced  from  observatious  of  1889  and  1890  a  period  of  revolatiai 
of  about  4  days. 

PHOTOMETRY. 

The  results  of  observations  made  with  the  meridian  pbotoinetrr 
the  Harvard  observatory  by  Prof.  E.  C.  Pickering  and  Mr.  WemW 
during  tbe  years  1882-1888,  have  appe>ircdasvolame24of  tbeBHrvaT* 
Annals.  The  principal  work  done  with  this  instrament  was  "the<l< 
termination  of  tbe  magnitudes  of  a  sufficient  number  of  stars  ro> 
tained  in  the  Durchmusterung,  and  distributed  with  approximato  <>t>i 
formity,  to  serve  for  future  estimates  or  measures  of  magnitude,  an 
to  enable  previous  estimates  to  be  reduced  to  the  photometric  scale.' 
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Tbe  nnmber  of  stars  of  which  observntious  are  recorded  ia  20,125; 
«o  tbat  when  the  stars  eouuierateO  in  voluuie  30  of  the  AuDultj  are  reck- 
oue<l,  the  tottil  number  of  stars  observed  raaeheB  20,082.  Measures 
have  also  beeu  made  of  166  variable  stars  aud  of  several  planets  and 
satellites.  In  the  "Harvard  Pliotometry"  the  brightest  stars  were  com- 
pared solely  with  Polaris.  In  the  present  observations  i  Ursie  Minoris 
va»  selected  ns  the  standard  star,  but  the  results  are  made  to  depend 
ai>oh  a  series  of  100  ciFCiimpolai  stars,  the  magnitudes  of  which  were 
ffeqaently  determined  with  the  smaller  iustiiimeut. 

Photographic photometrp. — ^The  readiest  and  most  effective  means  of 
determining  the  magnitudes  of  stars  from  an  examiuatioii  of  the  disks 
impressed  on  a  sensitised  film  is  a  problem  that  has  received  mach 
attentioD  recently,  and  contriburions  to  the  literature  of  the  snbjeet 
bave  been  made  from  the  three  observatories  of  Harvard,  Stockholm, 
and  Potsdam. 

Professor  Pickering  gives  in  volanie  IS  of  the  Harvard  Annals  three 
catalogues  of  magnitudes,  embracing,  on  the  whole,  some  2,500  stars, 
the  first  catalogue  giving  the  vihotograjibio  maguitades  of  all  the  stars 
brighter  than  the  flfteentfa  magnitude  within  1°  of  the  pole;  the  seoond, 
the  magnitudes  of  many  of  the  stars  in  the  Pleiades ;  and  the  third  the 
magnitodes  of  1,131  stars  generally  brighter  tban  the  eighth  magnitude 
near  the  equator. 

Tbe  coDtribntion  from  the  Potsdam  observatory  is  confined  to  the 
ilisuRSsion  of  the  magnitudes  of  stars  in  the  Pleiades  as  impressed  oq 
plates  taken  with  a  chemically  corrected  object-glass  by  Dr.  9chein*T, 
and  with  the  reflecting  telescope  of  the  Uer^iiy  observatory,  supplu- 
meuted  by  some  photographs  of  the  artificial  stars  in  a  Zolloer  photom- 
«t«r.  The  principal  results  of  the  inquiry  are  twofold  :  first,  that  the 
iacrease  of  the  diameter  of  the  star  disk  varies  as  the  square  root  of 
the  time  of  exposure ;  and  secondly,  that  a  simple  linear  relation  exists 
hetffeea  the  observed  diameter  and  the  magnitude. 

The  third  contribution  to  this  subject  is  from  Dr.  Cbarlier,  of  Stock- 
bolui,  who  deduces  a  formula  which  expresses  the  conuectiuu  between 
tbe  photographic  brilliancy  of  a  star  aud  its  photographed  image  in  such 
a  manner  as  to  insure  a  coiucideuce  as  far  us  [Hissible  between  the  pho- 
toeiapbic  and  photometric  magnitudes. 

TA.EIABI.E  AND  COLORED  STABS. 

Cia»dl«r'$  catalogue  of  variable  atarg, — Chandler's  admirable  cata- 
logue of  variable  stars  has  been  adopted  by  Schoenfeld  in  the  ephemer- 
ides  publisbe^i  in  the  Vierteljahrssclirift,  aud  it  also  furnishes  tbe  data 
Tor  the  ephemerides  of  the  Anuuairedu  Bureau  dea  Longitudes  and  the 
Observatory,  and  is  thus  formally  recognized  as  the  standard  authority 
on  variables.  Mr.  Cbandler  poblisbea  in  tbe  Astrouomicnl  Journal 
(Ifo.  21U)  three  bibles  supplementary  to  the  catalogue,  containing  (I)  a 
Ustof  Dew  variables  arranged  as  iu  the  original  catalogue;  (2)  a  list  of 
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additions  aud  corrections  to  the  elements  of  tlie  catalogoe;  and  (3)  a 
list  of  stars  probably  variable,  bat  whose  variability  ueeds  further  con- 
flrmatioQ  before  defliiitive  letters  can  be  assigned.  Tbe  atteoliaDof 
observers  is  directed  to  this  list. 

Taking  Lis  oatalogae  of  1888  as  a  basis,'  Mr.  Cbaodler  has  made  u 
iDvestigatioa  of  the  relation  existing  between  tbe  lengths  of  thepeiiodi 
and  the  number  of  the  variables ;  their  color,  range  of  flactaatioi, 
forms  of  light  carves,  irregalaritiea  of  periods  and  of  light  I'ariatiou 
Periods  ander  20  days  predominate,  while  for  the  long-period  stan  a 
Well-marked  maximum  is  indicated  about  a  period  of  320  days.  Witii 
regard  to  color,  the  redder  the  tint  the  longer  the  period;  and  wi(k 
regard  to  range  of  fluctuation,  while  it  is  probable  that  there  isade- 
pendence  of  range  upon  the  duration  of  the  period,  the  relation  is  not 
one  of  strict  proportionality  of  range  to  period.  It  furthermore  app^n 
that  tbe  average  ratio  of  increase  to  decrease  for  stars  with  periods  lesa 
tbau  100  days  is  about  0.65j  between  100  and  200  days  it  is  slightly  in 
excess  of  auity ;  it  then  declines  as  tbe  periods  lengthen  ;  at  first,  grad' 
nally,  bat  in  the  neighborhood  of  a  year,  with  extraordinary  sadden- 
ness,  recoveriug  as  quickly  ontil  it  again  exceeds  unity  in  the  groDpuf 
extremely  long  periods.  lu  the  cose  of  the  numerical  laws  o(  the  per- 
turbatioDS  of  the  periods,  Afr.  Chandler  remarks  that  bis  resesrchM  t 
are  not  yet  complete,  but  that,  broadly,  in  the  case  of  long-period  vui'  | 
ables,  the  irregularities  are  periodic  in  their  nature,  and  iu  the  case ol  i 
those  of  short  period,  secular  and  exceptional.  j 

Algol— Prof.  H.  C.  Vogel,  of  Potsdam,  has  poblished  the  reEalboC  | 
some  iuteresting  observations  of  tbe  changes  in  tbe  spectrum  of  Algol 
at  tbe  times  of  the  diminution  aud  recovery  of  its  light.  These,  vbiM; 
ftilly  confirming  the  view  originally  suggested  by  Goodricke,  tbattbe 
periodic  variability  of  this  star  is  caused  by  tbe  revolution  of  a  daik. 
compauion  cutting  off  part  of  its  light  in  the  mH>nner  of  an  eclipse,  and 
tbe  calculation  of  Professor  Pickering  that  the  diameter  of  tbe  coDpa"- 
ionamouDtato  about  eight-tenths  of  that  of  the  principal  star,  hare 
enabled  Professor  Vogel  to  obtain  approxima(«  values  of  the  mutaal  di^ 
tance  aud  actual  sizes  and  masses  of  the  two  stars,  as  well  as  of  theii 
orbital  velocities  round  their  common  center  of  gravity.  He  finds,  ii 
fact,  that  their  diameters  are  probably  about  1,080,000  and  850,001 
English  miles  respectively;  that  the  distance  of  their  centers  ftomead 
other  amounts  to  about  3,290,000  miles,  and  that  the  orbital  velocity  of 
Algol  is  about  27,  wbilst  that  of  its  companion  is  about  66  miles.  Tiit.' 
mass  of  the  former  he  determines  to  be  about  doable  that  of  the  latter, 
tbe  one  beingapproxlmatclyfour-nintbs  and  the  other  two-ninths  of  ll* 
sun's  mass.  It  is  not  necessary,  be  remarks,  to  suppose  that  the  com- 
panion is  absolutely  opaque,  but  only  that  its  light  is  very  much  feeb- 
ler than  that,  of  tbe  principal  star. 

It  may  be  added  that  the  Oreenwich  observations  confirm  Dr.  Vogeft 
couclusioD  of  the  motion  of  the  star  iu  a  small  orbit. 

,  Google 
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A  reoiaTkable  star  of  tbe  Algol  t;pe,  having  tbo  shortest  period 
KtoiFii,  vas  (ligcovered  in  1888  by  Prof.  H.  M,  Pnul,  of  the  U.  S.  Nava) 
Ultserratory.  The  star  is  12  Antliie  of  Gould's  Urauometria  Argentina, 
<=9>>  28>°  0(r,  S=  —  28°  4.7  (1876.0).  The  rauge  of  niKgiiitude  is  6.7  to 
l-i,  and  accordJDK  to  Obandler  it  goes  through  its  changes  io  3**  20'°. 

Fmm  au  examination  of  one  of  the  photographic  plates  taken  by  the 
Htrrard  observatory  party,  at  the  Uhosica  station  in  Peru,  Professor 
FiekeriDg  has  announced  the  discoverv  of  a  lcHig-i>eriod  variable  in 
Oxlam  of  the  same  class  as  O  Ceti,  K  Hydre,  and  R  lieonis.  The 
spectra  sboir  bright  hydrogen  lines. 

A  Dumber  of  other  new  variables  bave  been  detected  in  the  ezami- 
oatioQ  of  tbe  photographic  plates  taken  at  the  observatory,  and  have 
been  ADDoaDced  by  Professor  Pickering  in  the  Astrononiische  Nach. 
richten.  Uome  attention  has  also  been  paid  to  this  subject  by  Dr.  J.  0. 
KapCeya  in  measuring  the  plates  taken  at  the  Cape  of  Good  Hope  for 
tbe  formation  of  Dr.  Gill's  photographic  southern  DurehtHuglentng,  and 
>l«o  b;  Hr.  Roberts  in  the  prosecution  of  his  work  in  astronomical  pho- 
tography. 

A  (reoeral  index  to  observations  of  variable  stars,  prepared  under 
the  direction  of  Prof.  E.  0.  Pickering,  forms  No.  8  of  Vol.  18  of  the  flar- 
Tud  Annals.  A  large  nnuber  of  uopablisbed  observations  are  referred 
to,  particalarly  three  extensive  series  of  observations  by  Argelandett 
Heis,  aud  Schmidt,  to  whose  manuscripts  access  was  given. 

A  Dew  edition  or  rather  revision  of  Birmingham's  Red  Star  Catalogue 
Ills  been  printed  in  No.  T  of  the  Cnnniiigbam  M  emoirs  of  the  JBoyal 
Itiih  Academy.  The  work  of  revision  was  undertaken  by  Rev.  T.  E. 
^in  in  1886,  with  the  17^-inch  equatorial  reflector,  and  in  the  course 
i>f  tbe  work  a  number  of  new  red  stars,  new  variables,  and  stars  with 
[■ngbt  tines  in  their  spectra  were  discovered.  There  is  also  an  addi- 
fenil  list  of  629  "  rnddy  stars." 

STELLAR  SPECTRA. 

Speetnim  of  C  Tlrsa  Majorit. — Professor  Pickering  has  rejiorted  a  re- 
narkably  interesting  peculiarity  in  the  spectrum  of  this  star.  It  was 
•otieed  that  the  Kline  was  double  in  the  photographs  taken  March  29, 
1887,  May  17, 1889,  and  August  27  and  28, 1889,  while  on  many  other 
ittesthe  line  appeared  hazy  as  if  the  compoueiits  weie  slightly  sepa- 
3ted,aiid  at  other  times  the  line  was  well  defined  and  single.  It  was 
»DclDded  that  the  line  was  double  at  intervals  of  52  days  beginning 
"wch  27, 1887,  and  it  was  predicted  that  tbe  doabling  wonid  occur 
VaiQ  on  December  9, 1889,  and  this  prediction  was  couflrnied  by  each 
■f  three  photographs  on  the  latter  date.    Professor  Pickering  saya : 

"Tbeonly  satisfactory  explanation  of  this  pbenomeoon  as  yet  pro- 
**Md  is  that  tbe  brighter  component  of  this  star  is  itself  n  ileitble  star 
■s^iog  components  nearly  eqnal  in  brightness  and  too  close  to  have  been 
eparated  as  yet  visually.    Also  that  tbe  time  of  revolution  of  tfaesya-, 
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torn  J8  1<H  days.  WUeu  one  component  U'  approaching  the  earth  all 
tlic  liuL-s  ill  its  spectrum  will  be  moved  toward  the  blue  end,  wbile  all 
the  lines  in  the  Hpectruui  of  the  other  component  will  be  uioved  by  an 
equal  auouut  in  the  opposite  direction  if  their  inaases  are  equal.  Each 
line  will  thus  be  separated  into  two.  When  the  motion  becomes  per- 
pendicular to  the  line  of  sight,  the  spectral  lines  recover  tbeir  true 
wave-length  and  become  single." 

From  the  amount  of  separation  of  the  lines  Professor  Pickering  con- 
cludes thattherelative  velocity  of  the  two  compouents  must  bo  abont 
lOO  miles  per  second.  If  the  orbit  is  circular  and  its  plane  passes 
through  the  sun,  the  distance  traveled  b;  one  component,  reganling 
the  other  ab  fixed,  would  be  900,000,000  miles,  and  the  distance  apart 
of  the  two  components  would  be  143,000,000  miles,  or  abont  that  of 
Mars  and  the  sun.  The  combined  mass  would  be  about  forty  times 
that  of  the  sun  to  give  the  required  period. 

Several  other  stars  have  been  found  from  the  Harvard  photographs 
with  a  similar  doubling  of  the  lines,  among  them  ^  Aurigm  and  b  Ophi- 
uchi.  For  fi  Aurigie  Professor  Pickering  deduced  a  period  of  1  days, 
and  bis  results  have  been  fully  confirmed  by  observations  made  with 
quite  different  apparatus  by  Dr.  Vogel  at  Potsdam. 

A  doubling  of  the  K  line  in  several  photographs  of  the  spectrum  of 
Vega  taken  by  Mr.  A.  Fowler,  apparently  iudicating  that  Yega  was  a 
double  star  of  the  ;  Ursie  Majoris  tyi>e,  has  not  been  confirmed  by  the 
photographs  of  Pickering,  Vogel,  and  Henry. 

Tke  Henry  Draper  Memorial.- -Th^  third  annual  report  of  Professor 
Pickering  announces  the  practical  completion  of  two  branches  of  the 
work  undertaken,  the  photographic  survey  of  the  spectra  of  all  stars 
north  of  —  25<^  tleclinatiou  having  been  eS'ected  on  a  twofold  scale,  the 
one  survey  including  all  stars  brighter  than  the  seventh  magnitade,  the 
other  including  stars  two  magnitudes  fainter.  The  Bache  8-iDch  doub- 
let employed  in  this  work  has  been  transferred  to  a  station  near  Gfaos- 
ica  in  Peru  and  similar  surveys  for  the  stars  down  to  the  south  pole 
have  been  commenced. 

The  fourth  annual  report  of  the  Henry  Drnper  Memorial  contains  as 
a  frootis  piece  an  engraving  showing  the  periodical  duplicatioo  of  the 
K  line  in  the  spectrum  of  (?  Aurigfe,  the  study  of  which,  with  other 
simitar  cases  has  been  the  most  important  work  of  the  11-inch  equa- 
torial at  Harvard.  The  spectroscopic  survey  of  the  brighter  stars 
in  the  northern  hemisphere  (t^o  —  25^^  declination)  is  nearly  priated 
and  the  work  on  fainter  stars  is  being  satisfactorily  pressed.  Besides 
the  spectra,  churls  of  the  entire  sky  are  being  formed  with  the  samft 
telescopes.  A  photographic  map  of  the  sky  will  thus  be  provided,  a|»- 
prosimatt'ly  on  the  scale  of  the  Durchmusterung,  but  including  faioter 
stars;  so  far  as  it  baa  been  completed  it  has  proved  very  convenieDt. 
for  studying  suspected  variables  aud  in  detecting  errors  in  star  cata- 
logues. 

DcmizedbvGoOglc 
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Bererence  should  also  be  msde  here  to  the  list«  of  stars  with  peculiar 
qiectra  detected  npon  the  Harvard  Observatory  photographic  plates 
aad  pablisbed  (torn  time  to  time  by  Professor  Pickeriag  in  the  Aitro- 
wminehe  Sackrichten. 

A  Hpectroscopic  snrvey  of  tlie  southern  heavens  by  direct  observa- 
tJoD  has  beeij  undertaken  at  the  Melbounie  Observatory.  An  8-lnch 
refracterand  the  4-foot  reflector  will  be  used  iu  the  work. 

HOTIONB  OP  STARS  IN  THE  LINE  OF  SIGHT. 

The  fr.ilowing  is  a  comparison  of  the  results  for  motion  in  the  line  of 
sight  obtained  by  Dr.  Yogel  at  Potsdam  with  a  photographic  telescope, 
and  those  obtaiue<l  by  Maunder  at  the  Qreenwicb  Observatory  by  eye 
obitervKtioDs.  The  motions  are  given  in  geographical  miles,  +  repre- 
KDtiDg  recession,  and  —  approach : 


Togel.   I  I 


Capella +17.1  I  +82.5 

Aldebirau +30.3  +31.6 

aPeraei —7.3  —38.6 

Prooyon —7.3  +3.8 


Dr.  Vogel's  interesting  results  with  regard  to  Algol  aud  other  stars 
have  been  alluded  to  elsewhere. 

Bngkt  lines  in  stellar  spectra. — Ur.  Espin  has  detected  bright  lines  in 
be  spectra  of  a  nnmber  of  variables  when  near  their  maxima,  among 
ttiem  K  Leonis,  R  Hydne,  x  Uygiii,  R  Aiidromedie,  and  3  Oassiopri^ 
all  of  Secchi's  third  type.  Similar  lines  in  the  spectra  of  U  and  V 
I^Jgtii,  of  the  fourth  type  have  been  suspected  by  the  Lick  observers, 
and  vheo  these  stars  were  far  removed  from  their  maxima.  Mr.  Keeler 
ilu  finds  that  he  is  able  to  break  up  the  apparently  continuous  spectra 
of  KtMa  of  the  type  of  the  Wolf-Rayet  stars  in  Cygnas  into  an  extremely 
complicated  range  of  absorption  bands  and  faint  bright  lines. 

A  remarkable  form  of  spectrum  has  been  discovered  by  Professor 
Pi<:liering  in  that  of  the  star  Pleione,  for  the  F  line  consists  in  this  case 
oU  narrow  bright  Hue  superposed  ou  a  broader  dark  line,  the  other 
l>)ilrogeD  lines  sfaowiug  some  indications  of  a  similar  character. 

ASTEONOMICAL  PHOTOGRAPHY. 

1^  fiiotographie  chart  of  the  heavens. — The  permanent  committee 
^pointed  by  the  Astrophotograpbic  Cougress  at  Paris,  in  1887,  as  noted 
ni  the  fieview  of  Astronomy  for  the  years  1887-88,  held  their  first 
"eettng  at  the  Paris  Observatory  In  Se|)tember,  1890.  The  results  of 
'be  seven  s&inces  are  contained  in  a  series  of  twenty-eight  resolutions, 
•"■neof  the  most  important  of  which  are  mentioned  below,     .-,         , 
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The  zoDes  were  assigned  to  the  several  participating  as  foUows: 
NORTH. 

Latitade. 


Relaiogrfots 

PotAlam 

Oxford 

Or««uwich 

ParU 

Bordeaux 

ToaloQse 

Catauia 

Algiers 

Sun  Keniondo  .. 

Chapnirepee 

Tacnbaya 


&1  98 

48  M 

48  13 

44  50 

43  37 

3T  30 

36  48 

36  37 

19  36 


Zone 

(J 

o 

+90  to 

+70 

70 

hM 

58 

48 

40 

40 

38 

3t 

'U 

34 

IH 

18 

la 

12 

« 

« 

0  to 

—  6  to 

-la 

-la  to 

-18 

CBp«  of  Hood  Hop« 

L&  Plata 

—33    56 

...       —34    55 

_37  50  ;  —70  to  — 

No  observatory  ill  tlie  United  States  appears  on  this  list.  A  bill«u 
introduced  in  Coagress  makiog  an  appropriation  to  enable  the  TJoitctl 
States  Naval  Observatory  to  andertake  a  share  of  the  work,  bnt  Uie 
bill  failed  to  become  a  law. 

The  committee  decided  that  the  field  of  the  telescope  availablo  for 
measnrement  sfaoald  be  2^  s<]nare;  tfaat  the  photographic  plates  em- 
ployed (which  are  to  be  of  plate  glass)  should  be  Ift)""  (6J  inches) 
square  and  the  series  of  reference  lines  ISO""*  (5^  inches)  square  vitli 
the  lines  6°""  apart. 

Twelve  test  objects  were  selected,  all  of  which  are  situated  near  tlie 
equator,  at  intervals  of  about  two  hoars  of  right  ascension.  In  addition 
to  these,  the  Pleiades,  Priesepe,  and  a  group  in  Cygnns  were  selected 
for  the  use  of  the  more  northern  observatories. 

To  fix  the  time  of  exposure  so  that  the  plates  shall  contain  stars  to 

the  eleventh  magnitude,  it  wna  decided  to  determine  first  the  time  nec- 

'  essary  to  photograph  a  star  of  the  9.0  magnitude  of  ArgelandeHs  soale, 

and  thereby  multiplying  by  6.36  the  time  of  exposure  for  magnitade 

11.0  will  be  obtained. 

Three  more  numbers  (3,  4,  and  6)  of  the  Bulletin  du  Comiti  Intena- 
ft(maIp«r»u»te»(ponr  I'Ex^cution  Photograpbique  de  la  Carte  dn  Ciel 
have  been  published.    Among  the  many  papers  contributed  to  these 
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btilletiun  iriiicli  have  a  very  important  bearing  npon  Astrouomiual  pho- 

tograiihy,  may  be  tnentioned  one  by  Dr.  Bakhuysen  on  tbe  measiire- 
mcDt  of  tbe  plateB  by  tbe  method  of  rectangolar  coordinates,  in  which 
be  obtalDs  star-places  compariDg  favorably  with  those  from  meridian 
oteeirationa.  Dr.  Vogel  contribQtes  oue  or  two  papers  on  the  "  rfs- 
<MDi''aud  tbe  measnrement  of  the  plates,  and  Professor  Kapteyn  sng- 
gt^ts tbeexpediencyoftaking  the  catalogneplates  with  three ezposares 
at  intervals  of  six  months,  for  the  parpose  of  determining  tlie  stars' 
proper  motions  and  parallaxes.  Dr.  Scheioer  has  an  important  paper 
OD  tbe  application  of  pbotograpby  to  tbe  determination  of  stellar  mag- 
nitDdes. 

In  tbe  fifth  nnmber  of  the  Bulletin,  Professor  Holden  has  two  papers 
OB  the  photographic  magnitodes  of  stars,  and  Mr.  Scbaeberle  one  ou 
tlie  same  aabject.  There  is  also  an  abstract  of  Dr.  Lindemann's  plioto- 
nctric  determination  of  the  star  magnitodes  of  the  Bonn  Dnrcbmus- 
tauag,  and  a  paper  by  M.  Tr^pied  on  the  necessity  of  coming  to  some 
uDdentanding  as  to  what  is  meant  by  stars  of  the  9lb,  11th,  and  14th 
magnitDdes  on  the  photographic  plates. 

Tbe  qnestion  of  tbe  reproduction  of  the  plates  and  of  tbe  publication 
of  the  map  has  t>een  left  open,  bnt  it  is  probable  that  one  or  more 
bDTCBna  will  be  established  for  measaring  tlie  negatives  ubtainetl  at 
obteiratories  not  provided  with  special  apparatus  for  the  purjiose,  and 
pfaotographic  copies  of  all  plates  will  be  preserved  in  selected  places  in 
case  of  accident  to  tbe  original  negatives. 

&  meeting  of  those  interested  in  tbe  varioas  branches  of  astronomical 
pMography  other  than  the  chart  was  called  by  Messrs.  Janssen  and 
CoBmoD  iu  September,  1 889.  The  chief  matters  for  discussion  bt-ing  a 
nnplete  photographic  record  of  solar  j>henomeDa,  inclodiug  solar 
^*KtniiD  photography ;  a  systematic  description  of  the  Inuar  surface 
i? photography  on  a  large  scale;  photographs  of  planets  and  their 
ttteUites,  of  comets,  meteors,  and  particularly  of  nebula,  clusters,  and 
^  Ktellar  spectra. 

Id  discossing  the  theory  of  tbe  photography  of  a  star  projected  npon 
■  bright  background,  Professor  llolden  calls  attention  to  the  fact  that 
tbe  most  important  factor  is  the  ratio  of  the  focal  length  to  the  aperture 
*t  tbe  objective ;  generally  speaking  it  would  be  an  advantage  to  dia- 
^ragm  the  objective  during  the  day.  This  is  also  true  with  regard  to 
*rd>oary  observations  daring  tbe  day,  a  point  of  particniar  importance 
.n  ninoection  with  meridian  observations. 

Aathoritative  testimony  as  to  tbe  value  of  photography  for  obtaining 
iKarate  measures  of  star  clusters  is  given  by  Dr.  Elkin,  who  has  com- 
Ivnl  Dr.  Gould's  reductions  of  Butberfurd's  photographs  of  tbe  Plei- 
l^n  taken  over  20  years  ago,  with  tbe  heliometer  measures  made  at 
■SSniEBberg  and  New  Haven.  The  smallness  of  the  probable  error  Dr. 
SlkiD  regards  as  proof  that  in  photography  we  have  a  means  of  in- 
'wtigatiou  for  micrometric  work  at  least  on  a  par  with  any  existing 
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melliod,  and  doubtless  far  sorpasaing  the  preseat  metbotle  in  ease  of 
measuremfut  »Dil  output  uf  work. 

Tlie  Heur.v  Biotbers  are  reported  to  have  made  a  decided  adviwee 
in  laiiar  photograpby  Id  the  plates  taken  with  the  equatorial  of  (>"J{2 
(12.6  inches)  apiTtnrc  intended  for  the  chart  work.  The  improvemeot  u 
attributed  especially  to  the  process  of  enlargement  employed,  whicb 
makes  tbe  diameter  of  the  moon  about  1"  (39  inches).  This  photographic 
work  is  to  be  continued  with  the  great  equatorial  coud^,  which  is  aooo 
to  be  mounted  and  provided  with  a  photographic  objective. 

Mr.  Hoberta  baa  devised  a  machine,  which  he  calls  a  " pautogtaver," 
for  measuring  tbe  magnitudes  of  the  stars  depicted  npou  the  pliot«- 
graphic  plates  and  transferring  them  to  metallic  plates  for  priotiDg. 


The  origin  ofoomet*. — Dr.  Bredichin,  tbe  present  director  of  the  Pal- 
kowa  Observatory,  wbo  has  devoted  much  titfie  to  the  study  of  comet- 
ary  phenomena,  has  expressed  tlieopinion  that  perioilic  cometsowe  their 
origin  to  the  segmentation  of  ordinary  parabolic  comets,  having  been 
thrown  off  fh>m  tbe  latter  by  an  eruption  such  as  it  is  generally  snp^ 
posed  we  have  witnessed  iu  the  great  comet  of  1882,  and  earlier  is 
Biela's  comet.  Dr.  Kreutz's  monograph  on  this  great  September  eoM 
of  1882  form6  one  of  tbe  most  important  of  recent  contributions  to  tnni' 
etary  literature.  The  formidable  obstacles  to  an  accurate  determiaatioa 
of  its  orbit  presented  by  tbe  disintegratiou  of  the  nncleoa  into  serenl 
points  of  condensation  seem  to  have  beeu  most  skillfully  surmoaoted 
by  the  computer.  Bis  tiual  value  for  the  period  of  revolution  is  T7-.3 
years. 

Dr.  Holetschek  claims  that  the  systematic  grouping  of  cometary]>eii- 
helia  in  certain  directions  (^70°  and  90°  of  belioceutric  longitude)  bw 
no  connection  with  tbe  general  motion  of  tbe  solar  system  in  space- 
but  is  due  to  the  position  of  tbe  eartb  at  tbe  time  that  such  discoveriea 
are  most  readily  made. 

An  important  pa}>er  on  tbe  capture  theory  of  comets  will  Ik  found 
in  the  Bulletin  Astronomique  for  Juue,  1(J80,  and  in  the  Kaiue  journal  for 
December,  1890,  M.  Tisserand  bas  a  further  contnbntion  to  tbe  sane 
subject. 

Tbe  Observatory  for  August,  1880,  bas  a  useful  table  of  the  approxi- 
mate positions  at  the  time  of  discovery  of  all  comets  seen  since  13^i 
with  brief  notes  on  the  physical  apj>eai-ance  of  each.  Mr.  Denning,  ^bo 
bus  compiled  this  table,  proposes  to  supplement  it  by  one  with  similar 
data  for  the  comets  from  1840  to  1868. 

Brorsen^s  comet. — A  careful  searnb  for  Brorsen's  comet,  which  passed 
perihelion  iu  1890,  was  made  by  Brooks  and  Swift,  bnt  without  effect. 
This  comet  was  discovered  iu  1840,  and  was  last  seen  in  1879;  it  could 
not  be  seen  at  tbe  return  in  1S84.  Tenipcl's  second  comet,  and  Bar- 
nard's comet  1834  II,  were  also  eziiected  to  return  to  perihelioa  iD 
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IH90,  but  were  nofavorably  situsited  fot'  observation  aod  escaped  de- 

ComtU  of  188!)  and  1890.— W.  IC.  Brooks  reported  tbe  discovery,  on 
tbe  morning  of  January  15,  1889,  of  a  faiut  comet  in  Sagittarius,  and  to 
it  the  deaigoation  Comet  a  1880  was  given,  as  tbe  flrstcomet  discovered 
iuriug  tbe  year.  A  careful  sL'arch  for  tbe  object  was  made  by  a  nam- 
iter  of  observers,  especially  by  Barnard  and  Swift,  but  without  success. 
is  the  tliree  observations  uecessary  for  detenniniug  the  orbit  were  not 
Mnml,  the  comet  is  not  catalngned  with  those  of  tbe  year.  A  comet 
inoonnced  by  Swift  on  July  15,  188!),  is  also  omitt«d,  as  it  provetl  to  be 
Jfidieai  with  the  comet  discovered  by  Brooks  on  August  7,  1888. 
imin). 

Aphenomeuon  reported  utGrabamatowu,  South  Africa,  on  tbe  27th  of 
lclober,lS0U,8houldbementionedincoDDectiouwitb  the  DOteson  comets, 
tvas  described  as  a  bright  baud  one-fonrtb  of  a  degree  wide  and  30° 
ongitnde,  afterwards  increasing  to  9(1°.  At  one  end  it  looked  like  thn 
Kid  of  a  comet,  while  the  otherend  faded  out  gradually.  Its  motion 
'is  extraordinary,  as  it  swept  over  more  than  100°  in  less  than  l**  IS"*. 

The  comets  for  the  years  1889  and  1890,  with  their  final  designations, 
Q  the  order  of  perihelion  passage  are  as  follows : 

^met  1889  I:  |  The  first  comet  of  1889,  iu  tbe  order  of  [>eriheUon 
_^wnBi  t  iPtB.  [  passage,  was  that  discovered  by  Barnard  at  tbe 
'ick  Observatory  with  a  4'incli  comet-seeker  on  September  2,  1888,  or 
h(  momiDg  of  September  3.  It  was  also  iodei>endently  discovered  by 
innVs,  at  Geneva,  New  York,  on  the  following  morning.  At  tbe  end 
i'Norember,aud  as  late  as  January  4, 1889,  it  was  visible  to  tbe  naked 
!«■  Perihelion  was  passed  on  January  31,  1889,  and  by  that  time, 
beoomet  disappeared  in  tbe  sun's  rays.  The  first  observations  after 
"uJDQctioQ  were  made  about  May  24,  and  it  was  followed  till  its  light 
a*  Again  overpowered  by  that  of  the  sun,  late  in  October,  1689,  its 
;)p«araiice  being  about  tbe  same  as  before  jterihelion,  small,  round. 
Kite  l)right,  and  with  a  short  tail.  The  orbit  seems  to  Iw  hyperbolic. 
Barnard  remarked  on  June  3  tbat  there  was  an  auomaloiis  tail  directly 
illoviDg  the  comet,  about  1°  in  length  and  some  2'  or  3'  broad,  a  pbe- 
orDpaou  which,  according  to  Bredichin,  was  probably  an  effect  of  per- 
[»«tive. 

The  comet  was  observed  again  at  the  Lick  Observatory  by  Barnard 
tigiist  IT,  1890,  although  its  distances  from  tbe  earth  and  sun  were 
*n,  respectively,  6.0  and  fl.5  in  terms  of  the  earth's  mean  distance, 
wlater  observations  confirm  the  hyperbolic  character  of  the  orbit. 
Mnet  1889  II :  |  On  the  evening  of  March  31, 1889,  E.  E.  Baiuard 
=  Comet  1 1889.  |  discovered,  with  the  12iuch  equatorial  of  the  Lick 
'hservatory,  a  very  small  and  slender  comet,  with  a  tail  15'  long.  By 
■eend  of  April  it  was  lost  in  the  evening  twilight,  reappearing  again, 
itii  extremely  slow  geocentric  motion,  about  July  25,  and  remaining  . 
isibleto  November  21.    The  great  perihelion  distance  of  this  comet  ial'^ 
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especially  noteworthy,  ftmotintiiiff  to  2^  times  the  distance  of  the  eutb 
fh>in  the  sou,  a  distauce  which  seema  to  have  beea  snrpassed  id  the 
catalogae  of  comets  ouiy  by  comet  IftSS  II,  with  a  periheliou  of  2|,  aod 
the  comet  of  1729,  with  perihelion  distance  i. 
Comet  1889  III :    j      Mr.  Baniard  discovered  another  comet  at  aboDt 

=  Comet  c  1^89.  2  o'clock  OD  the  morning  of  Jane  24,  in  the  con- 
stellation Andromeda.  At  the  time  of  discover;  the  comet  was  only 
three  days  past  periheliou.  It  was  then  very  faint  and  rapidly  became 
still  fainter,  being  last  observed  on  Angnst  C.  The  elements  computed 
by  Bert>erich  show  considerable  ellipticity  in  the  orbit,  the  period  of 
revelation  being  128  years. 
Comet  1889  IV:      |      A  tolerably  bright  comet  was  discovered  with  the 

=  Comet  e  iBrttf^  ^|  naked  eye  by  Mr.  J.  Ewen  Davidson  at  Brans- 
combe,  Mackay,  Queensland  (latitude  — 21°  9' south),  on  Jnly  19.  It 
had  a  sharp,  stellar  nucieas,  and  a  tail  SO*  long;  in  a  pbotogn^ih 
taken  by  Barnard  at  the  Lick  Observatory  on  Jnly  30,  the  tail  oonid  be 
followed  still  farther,  to  adistance  of  almost  l°from  the  head.  AsecMnil 
tail  was  reported  by  Kammermann,  of  Geneva,  on  the  17tb  of  Angnst, 
and  a  segmentation  of  the  nucleus  by  Ricc6  abont  a  week  earlier. 

Professor  Holden  finds  that  the  brightest  part  of  the  tail  was  i'^ 
of  the  brightness  of  the  brightest  part  of  the  solar  corona  daring  tbe 
eclipse  of  January  1, 1889,  and  eTi^ioiii;  that  of  the  fall  moon. 

The  comet  was  followed  in  the  northern  hemisphere  to  about  the  end 
of  the  year. 

The  spectmm  according  to  the  Lick  and  Palermo  observations  in 
Jnly  and  Angnst  showed  no  peculiarity;  the  carbon  bands,  and  the 
continaous  spectmm  of  the  nnclens,  alone  being  recorded. 
Comet  1889  V:       ;      William  R.  Brooks,  of  Geneva,  New  York,  wbile 

=  Comet  d  1H89.  |  sweeping  in  the  southwestern  sky  on  the  morning 

of  July  6, 1889,  detected  a  suspicions  looking  nebulous  object,  the  com- 
etary  character  of  whicb  he  was  able  to  confirm  on  the  following 
morning;  it  wns  then  faint,  of  about  11th  magnitude,  a  diameter  of  1', 
stellar  naclens,  and  tail  10'  long.  The  comet  attracted  no  especial 
attention  from  astronomers  till  Angnst  1,  when  Bamanl  discovered 
that  it  had  two  small  and  nebnioas  companions,  and  on  the  morning 
following  it  was  evident  that  these  two  objects  were  moving  with  the 
parent  comet  through  space.    Mr.  Barnard  says: 

"  On  August  3  (hey  were  examined  with  the  36-inch  equatorial,  which 
showed  the  whole  gronp  very  beaatifally.  Each  of  the  companions  had 
R  very  small  nucleus  and  condensation  in  a  vei?  small  head  and  a  short 
faint  tall,  presenting  a  perfect  miniature  of  the  larger  one,  which  was 
pretty  bright  and  well  developed,  with  small  nnclens  and  slightly  fan- 
shaped  tail  i°  long.  There  was  then  absolutely  no  nebnlons  connection 
with  the  larger,  nor  has  there  been  at  any  time  since,  either  in  the  12- 
inch  or  in  the  36-inch  telescope.  Nothing  whatever  has  been  seen  here 
of  the  nebulons  envelope  spoken  of  by  the  Yienoa  observers  as  appar- 
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ently  inclosing  the  whole  grouii  (A.  IS.,  2914).  I  have  from  the  first 
carefnilj  looked  for  a  nebnlous  connection.  Under  anfavorable  cirenm- 
etauces  the  tailB  of  B  and  C  might  be  imagined  to  be  a  conuecting  neb- 
DloBity,  bat  the  tail  of  B  fallB  short  of  A,  and  that  of  0  does  not  nearly 
reaeh  B.  Each  comet  is  in  appearance  absolutely  independent  of  the 
otber.  The  tails  of  all  three  hare  lain  io  the  Hue  of  (he  nucleus  of  A, 
and  therefore  have  not  sensibly  deviated,  from  the  position-angle  241°." 
"  On  August  4,  two  other  companioDs  were  detected  with  the  great 
telweope,  one  of  which  was  measured,  the  other  being  too  elasive  to 
set  the  wire  on.  I  have  oumbored  these  four  compauioDS  B,  0,  D,  E, 
in  ihewrder  of  increasing  right  ascensioD,  A  being  the  larger  comet,  D 
and  E  being  the  two  last  discovered.  D  has  been  seen  st^veral  times 
siuce  the  moon  withdrew,  but  has  always  been  too  faint  tu  observe.  It 
lias  not  sensibly  changed  its  position.  E  has  only  been  seen  oae«.  Its 
pwition  angle  referred  to  C  would  be  the  same  as  that  of  !>,  and  its 
diitancu  twice  as  g^ea^  Foot  or  five  other  nebulous  bodies  observed 
KM  the  comet,  August  2,  have  not  since  been  seen,  and  were  probably 


'"The  r^Dlts  of  the  observations  of  tho  two  brighter  companions  are 
eitremely  interesting.  Measures  of  B  have  been  made  on  eighteen,  and 
ofO  on  seventeen  nights.  These  two  have  almost  exactly  the  same 
positioD-aogles,  which  have  been  sensibly  constant.  Their  distances 
from  the  main  body  have,  however,  been  increasing.  At  the  last  ob- 
wn-ations,  B  seems  to  be  stationary,  the  distance  from  A  remaining 
eoDgtaot,  while  C  continues  to  recede.'* 

Ur.  CbaDdler's  investigation  of  the  orbit  of  this  comet  has  devel- 
oped a  strong  probability  that  it  is  identical  with  a  comet  discoveretl 
by  Messier  in  1770,  often  called  LexelPs  lost  comet,  bocanse  that 
utronomer  calculated  that  it  was  moving  in  an  elliptic  orbit  with  a 
period  of  about  5^  years,  though  it  was  not  seen  afterwards.  It  is  now 
veil  known  that  this  was  due  to  the  fact  that  at  the  return  in  1776 
its  position  was  such  as  to  render  any  observation  impossible,  and 
before  another  return  could  take  place  the  comet  made  in  1779  so 
close  an  approach  to  the  planet  Jnpiter  as  completely  to  change 
the  nature  of  the  orbit  Mr.  Chandler  finds  that  Brooks's  comet  also 
made  a  near  approach  to  Jnpiter,  so  Dear,iu  fact,  on  May  20,  ISSti,  that 
it  was  only  about  nine  diameters  of  Jnpiter  distant,  or  only  a  little 
oQlaide  the  orbit  of  his  third  satellite.  Calculation  of  the  elements  of 
theoomet  orbit  before  this  appalse  leads  to  the  coucIuhIou  that  they 
present  a  great  similarity  to  those  of  Lexell's  comet  after  its  approach 
to  the  planet  io  1779,  reudering  the  probability  great  that  the  bodies 
ue  identical.  Mr.  Chandler  shows  that  no  similar  serious  disturbance 
*illoccnragain  until  1921, so  that  appearances  may  be  looked  for  iu  lei9U, 
1903, 1910,  and  1917,  at  each  of  which  return  the  condition  of  visibility 
nill  be  favorable,  giving  opportunities  for  further  investigations  into 
the  motions  of  this  interesting  comet,  which,  it  apiiears,  narrowly 
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escaped  being  converted  into  a  fifth  satellite  of  Jupiter.  Mr.  Baniari 
sncceeded  iu  finding  and  observiug  tbe  comet  again,  on  the  ui|btaf 
November  21, 1800,  with  the  36  inch  Lick  tplescope,  eight  monthssfler 
it  had  been  given  np  an  t>e.vond  reach  ;  and  when  its  distance  fromthe 
earth  was  3.09,  au(I  from  the  sao  3.55. 

Comet  1889  VI :  I  Swift,  at  Rochester,  discovered  a  new  comet  oo 
^^^uoict/l8a9.  I  November  16,  while  searching  for  new  nebalx;  it 
was  a  faint  round  nebiilons  mass,  without  tail,  and  it  remained  «- 
ci'edtngly  faint  during  its  entire  period  of  visibility;  being  seen  in 
only  the  most  powerful  telescopes  ubout  the  middle  of  January.  The 
orbit  proved  to  be  elliptical,  and  with  the  remarkably  short  period)^ 
8.8  years,  according  to  Searle's  computation. 

Comet  1890 1 :  I  '^  ^"-^^^  comet  was  discovered  by  Borelly  at  the 
=Coniet  g  IV89.  \  Marseilles  Observatory  on  December  12, 1889,  thil 
being  tbe  tirst  comet,  after  an  interval  of  three  years,  discovered  in 
Europe.  On  January  8,  1890,  it  appeared  in  the  tinder  of  tbe  Hnnici 
lofracior  like  a  faint  star  of  the  seventh  or  eighth  luagnitnde. 
Comet  1890  II :       '      Discovered  by  W.  K.  Brooks  at  the  Smith  Ob 

^  Compt  a  1890.       |  Bcrvatory,  Geneva,  New  York,  March  19, 1890.  i 
small  comet  with  stellar  nucleus  and  short  tail.    It  was  still  obserrabli 
about  the  middle  of  Octotier. 
Comet  1890  III :     I      Discovered  by  Coggia  at  the  Marseilles  Obwrra- 

=  Couict  6  iwjo.  I  tory,  Jnly  18,  1890.  It  was  quite  brigbt^  roand, 
with  central  condensation  comparable  with  a  star  of  about  tenthoi 
eleventh  magnitude.  Its  light  rajtidly  diminished  and  it  soon  dieap 
peared  below  tbe  northwest  horizon.  Parabolic  elements represeattb 
observattuus  quite  accurately,  though  they  show  some  resemblaoM  1 
those  of  the  comet  ot  1580. 
Comet  1890  IV  :     |      This  comet  was  discovered  three  montha  andi 

=  c»uii)t  e  189(1.       I  half  after  perihelion  passage  by  Zona  at  FalenM 
November  15.  1890.     It  was  at  first  quite  bright,  but  grew  ftinta 
rapidly,  though  it  was  still  observed  after  the  cIobc  of  tbe  year. 
Comet  1890  V :  I      An  ephemcris  for  d' Arrest's  periodic  com 

^Couietd  i«!M).  I  had  been  prepared  by  Leveau,  and  the  waM 

..r'*'*"'*"''^*^*"""';  1  was  looked  for  without  success  for  aometimi 
and  it  was  feared  that  it  bad  gone  by  undetected,  when  it  was  picke 
np  by  Barnard  at  the  Lick  Observatory  on  October  0,  as  an  entiiel 
unexpected  object.  On  tbe  first  few  nights  the  comet  wasestienw' 
faint  and  diQused,  but  it  was  seen  later  with  a  3^  inch  Ihider. 
Comet  1890  VI :     I      Discovered  by  W.  F.  Denning  at  Bristol,  En| 

=  Comet clriiw.  J  jaud,  July  23,  with  a  liiinch  ntlcctor,  a  fain 
rounit  nebulosity,  about  1'  diameter  with  faint  central  condensatioi 
and  quite  near  •»  and  C  Ursie  Minoris.  It  move<l  directly  towards  H 
l.'qnator,  ami  was  visi  blc  till  November,  having  a  small  stellar  muJ" 
of  tb9  thirteenth  magnitude,  and  a  faiut  diQiiscd  tail. 
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Ooniet  1890  Til :  |  Thia  comet,  tbe  most  interestiog  perbaps  of  those 
=  Comet/i890.  [  foQtid  duntig  the  year,  on  account  of  its  short 
period,  was  di8COTere<l  by  R.  Spitaler  at  Vieoiia,  24'ovember  16, 1890. 

Dr.  Spitaler,  in  looking  for  tbe  comet  diBcovered  by  Zona,  turned  the 
27  inch  tvlescope  towards  the  place  n-hich  it  should  occupy,  accordiug  to 
the  dispatch  received  by  him,  aud  immediately  perceived  a  very  faint 
comer,  but  concluding  from  the  descriptiou  that  Zona's  was  brighter,  by 
(nrning  tbe  telescope  a  little  he  found  the  latter,  physical  conoectioD 
b«tveen  tbe  two  being  ezcladed  by  the  slower  motiou  of  hia  own.  The 
period  appeurs  to  be  about  6.4  years. 

JpproiiiHate  etcmeiilt  cf  I*e  cometi  of  1*W  and  1890.  * 
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■  Sec  AftnmomicaJ  Juurnal.  No*.  S12  anJ  238. 
METEORS. 


Avaluabler^nm4  of  meteoric  astronomy  has  been  publisbeil  by  Prof. 
J  It.  I'jiiKtniaii  in  the  Bulletin  of  the  Pliilosn|iliir.iI  Society  of  Wnitbing. 
ton.    (Vol.  XI.)    Abstracts  of  the  various  theories  propounded  to  ex- 
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plauiition  of  meteors  are  ^veo,  and  estensive  catalogues  of  observed 
meteors  and  meteorites. 

Mr.  UeDDing  pointed  oat  several  years  ago  that  tliere  were  a  namber 
of  meteor  streams  in  wbicb  the  meteors  seemed  to  radiate  from  the  «ame 
point  in  the  Bky  for  a  period  of  three  months  or  more.  The  oulj-  eiiita- 
nation  of  this  pfaeuomeuoa  seemed  to  be  that  the  meteors  were  moviDg 
with  frigbtftil  velocity  through  space,  bat  M.  Tisserand,  from  a  mathe- 
matical study  of  the  problem,  shows  that  these  meteors  do  not  hU 
come  from  the  same  stream ;  they  may  perhaps  belong  to  a  family  \m- 
seating  certaia  common  characteristics,  bat  they  are  in  reality  differcut 
streams  accidentally  falling  together,  a  not  very  improbable  as8um|»tioo 
considering  the  great  namber  of  meteor  streams  aod  the  difficulty  o( 
determining  the  radiant  with  any  degree  of  precision. 

Mr.  Denuing  does  not,  however,  admit  that  au  accideutal  coiDcidence 
of  radiant  points  of  different  streams  is  a  safficient  explanation  of  the 
phenomena  be  has  observed. 

The  zodiacai.  liobt. — Prof.  Arthur  Searle,  who  has  made  a  spedal 
stady  of  the  zodiacal  light,  finds  that  the  permanence  of  the  ordinary 
western  light,  subject  only  to  slight  variations  in  tho  degree  of  visi- 
bility, isconfirmed  by  the  observatious  of  the  last  50  years  at  the  Haoood 
Observatory.  The  zodiacal  bands,  which  are  said  to  form  a  proloDf:- 
ation  of  the  ordinary  zodiacal  light,  were  not  seen,  though  stellvor 
nebulous  bauds,  one  extending  from  Aquila  to  the  Pleiades,  anditn 
second  from  Preesepe  to  Oouia  Berenices  have  been  noticed  and  perbaps 
ofi^r  an  explanation  of  the  zodiacal  bands.  The  Gegenscbein,  it  is  sug- 
gested, may  be  due  to  a  maximum  of  light  reflected  from  the  meteoric 
matter  scattered  in  the  solar  system. 

The  observations  of  Prof.  (3.  Uichi  Smith,  carried  on  at  intervali 
since  1875  indicate  aperiodic  appearance  of  the  line  at  .wave-length  d5iS 
in  the  zodiacal  light  spectrum  ;  a  line  difi'eriug  bat  little  in  wave-leugib 
from  the  auroral  line  (wave-length  556.7). 


A  very  laborious  work  is  being  carried  ou  in  the  office  of  tbe  Ameri- 
can Epfaemeris,  under  the  superintendence  of  Professor  Newoomb — tbe 
re '  deter minatiou  of  the  elements  of  all  the  larger  planets.  Professor 
Sevcomb's  plan  includes  tbe  re-reduction  of  the  older  planetary  obser- 
vations and  the  discussion  of  the  later  ones,  with  a  view  of  reducinc 
them  all  to  a  uniform  system.  Another  branch  of  this  planetary  work 
is  u  determination  of  the  mass  of  Jupiter  from  tbe  motions  of  P<Ay- 
hymnia,  and  a  coDii>ari8on  of  Hansen's  tables  of  tbe  moon  with  observed 
occultations  since  1750. 

Tbe  first  volume  of  this  aeries  of  memoirs  upon  the  theories  of  the 
major  planets  has  appeared  in  the  "Astronomical  Papers,"  of  tbe 
American  ephemeris,  being  a  aew  discussion  of  Jupiter  and  Saturn  by 
Hill.    He  has  determined  the  completo  analytical  expressiona  for  tbe 
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eoordinstesof  tbese  tvo  planets,  giving  also  a  proTisional  comparison  of 
tiu  tiieoi7  with  observatioua.  The  method  followed  is  iu  geoeriit  tbat 
of  Hanseu. 

In  oommeiitiiig  npou  recent  determinations  of  planetary  masses  fh)in 
the  motions  of  comets,  Professor  Hall  says: 

The  objection  to  deducing  valueE  of  planetary  masses  from  the 
iDOtioQs  of  comets  consists,  I  tbiuk,  in  the  fact  that  apparently  other 
foroes  tliau  tbat  of  gravitation  act  on  these  bodies.  As  a  comet  ap- 
proacbes  the  san  it  cbaages  form,  dieiutegrates,  and  matter  is  thrown 
iff  to  form  a  tail.  Until  we  know  more  of  the  theory  of  these  changes 
(he  uompDiatiuu  of  masses  from  the  motions  of  comets  and  inferences 
aiwDt  ttie  resisting  medium  in  spnce  must  be  uncertain." 
I  Hebcuby. — The  observations  of  Schroter  early  in  the  present  cen- 
tury indicated  that  Mercury  had  a  motion  of  rotation  about  its  axis  of 
aboat  24  hours.  Subsequent  observers  failed,  however,  to  confirm  his 
obwrvatious,  and  the  qnestion  of  Mercury's  rotation  has  generally  been 
ntrarded  hs  one  of  the  unsettled  problems  of  astronomy.  M.  Schiiipa- 
>vli>, taking  advantage  of  the  clear  skyof  Mthiu,  has  observed  Mercury 
mux  1831,  nbtainiog  about  one  hundred  and  fifty  sketches,  showing 
qoiti?  well-marked  spots,  from  which  he  has  dednced  a  rotation  period 
of  tM  days,  the  siinie,  in  fact,  as  the  period  of  rotation  of  the  planet 
iroaiid  the  son.  Schiaparelli  also  concludes  that  the  axis  of  rotation 
nust  be  nearly  perpendicular  to  the  orbit  of  the  planet,  the  rotation 
bfing  ouiloriD. 

Dr,  vou  Uierdtl  has  obtained  the  following  values  for  tbe  mass  of 
Mercnry: 

I.  UaM  of  Meroory,  I:  5,012,843  from  Winnecke'e comet. 
II.  MaM  of  Mercury,  1 ;  5,514,700  Le  Verrier's  uqnation  modilled. 

III.  UasB  of  Hercary,  1 :  5,fi4i',«00  Enoke'ii  coiner.  1Sl>t-18li8. 

IV.  HoM  ol' MercQT.v,  1:  5,669,700  Encko'a  comet,  iKJl-IHi^i. 

Vbhus. — Schiaparelli  has  cooclnded,  from  an  eximustive  rediacussion 
<X  all  the  older  ot>8ervation8,  combined  with  his  own  observations  of 
1817  and  1878,  that  Venus  rotates  upon  its  axis  in  225  days,  or  tbe  same 
time  that  it  rotates  about  the  sun,  contrary  to  the  generally  received 
kypot^csis  that  its  rotation  period  is  about  23  hours.  Venus,  then,  as 
veil  as  Mercury,  would  seem  to  turn  always  the  same  face  to  the  snn, 
M  tbe  moon  tarns  the  same  face  to  the  earth. 

Thb  Earth —  Foriofton  of  latitude. — The  subject  of  the  change  of  ter- 
KMrial  latitudes,  to  which  allusion  has  been  made  in  previous  reports, 
■xiiiDuesto  receive  considerable  attention  from  astronomers  and 
Vogiaphers.  The  following  results  have  been  obtained  by  Dr.  Kiist 
^.iu  continuation  of  bis  former  researches,  I'rom  7  t>airs  of  stars  at 
Ifaite  differeut  times  of  the  year : 

KpMfa.  LjiUtddDor  Berlin. 

lasi.  32  -K>2°  ao-  IS" .7:1-0.82  J  A 

ISSJ.70  lli".'.«-H).8.1.dA 

lfft-..31  16".r,2— O.hS  JA 
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where  ^  A  represents  the  correction  to  tlie  assamed  oonstaot  of  aber- 
ration.  The  diruct  iafereoce  fi-om  these  figures  is  tUitt  in  7  months 
tlie  latitude  o'*  Berlin  decreased  (>".44.  Pulkowa  showed  aboat  the 
same  tiiae  a  similar  change : 


Epoch. 

Ulilade  or  Pulkowa 

18tU.31 

+59"  46' 18"  .W 

l«t'a.5l 

18".M 

18*4.70 

18". 63 

18S5.'2:) 

IS"  .31 

ltfS.'..3l 

18'.30 

a  decrease  of  0".33  from  1SS4.T0  to  lS85.:tl. 

The  general  agreement  of  these  rettulta  certainly  calls  for  ftirtfeer 
investigation  ;  and  to  test  the  matter  Mr.  Preston  has  heen  sent  out  by 
tlie  U.  k^.  Coast  Survey,  uud  Dr.  Marcuse  by  the  International  Geodetic 
UommissioQ,  to  Bonohilu,  which  is  at  llie  opposite  end  of  the  earth's 
diameter  from  Berlin,  ami  by  simultaneous  observations  at  these  t>o 
stations  it  is  hoped  the  ([ueetion  will  be  settled. 

It  is  quite  possible  tliat  the  origin  of  the  apparent  change  at  fieriiu 
in  1884~188j  is  meteorological,  a  %'iflw  to  which  Dr.  Foerster  inclined  in 
bringing  the  matter  before  the  Association  O^od^stqaeio  1888.  'Ok 
whole  (]iiestion  is,  then,  whether  there  are  changes  iutlie  dispositioD  of 
atmospheric  strata  sufficient  to  account  for  the  facts  observed,  or tb« 
axis  of  rotation  and  the  axis  of  inertia  of  the  earth  are  not  seniliiy 
coinciiletit. 

A  coiupletc  n;3umt5  of  the  subject  is  given  by  M.  Tisseraod  in  tie 
Bulletin  Astronomique  for  September,  1890. 

iMr.Riccb  hus  experimented  with  a  somewhat  novel  demonstration  of 
the  rotundity  of  the  earth.  At  the  observatory  of  Palermo,  which  ii 
situated  at  a  distance  of  IJ  miles  from  the  Mediterraneao  and  236  M 
above  its  level,  a  great  oambcr  of  photographs  ofthesQD  reflected  fron 
the  snrface  of  the  water  have  been  taken  a  few  minutes  after  risiniioc^ 
before  setting,  and  they  show  that  the  diameter  in  the  planeof 
tion  is  less  in  the  reflected  image  than  in  thedirect.  This  defonnatin 
is  due  to  tlie  fact  that  the  surface  of  the  water  forms  a  cylindrii 
mirror,  witli  axis  horisioiital  and  normal  to  the  plane  of  reflection.  ^ 
amount  of  the  observed  fliitteuiiig  accords  wellvith  that  demanded  I 
theory. 

Standard  time. — The  introduction  of  the  system  of  standard  tin 
which  has  been  found  of  such  practical  usefulness  in  the  United  Sate 
has  been  quietly  agitated  in  other  countries  for  several  years  paat, 
a  well-written  article  upon  the  subject  by  Dr.  Bobert  Schram  will 
found  in  the  Obnervatory  for  April,  1800.  The  adoption  of  a  nnifim 
time  system,  the  time  of  the  flOeentb  meridian  east  of  Greenwich,  hi 
been  very  favoi-ably  looked  upon  in  Austria  and  Gurmany  for  railroi 
purposes. 
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Of  tbe  proposed  change  of  tbe  begiuDiagof  the  astrouomical  day  from 
autdaytothe  precediDg  midDight  uolhiog  has  been  heard  si  ace  the 
origiDal  agitatioti  of  the  sabject  at  the  time  of  the  Meridian  Oouference 
at  Washington  in  18S4. 

Tke  mocHi's  physical  libration. — Dr.  Jnlius  Franz  of  the  EdDtgsberg 
obterratory  has  done  ao  excellent  piece  of  work  in  bringing  to  light 
and  discnsBing  (vol,  38,  Kiinigsberg  Beobachtuntren)  the  observations 
of  the  moon  made  by  Schliiter,  an  assistant  of  Bessel's,  iu  1841-1843, 
(he  work  having  been  undertaken  by  Schliiter  under  tbe  immediate 
sapervisionofhis  distinguished  chief.  The  observations  were  continued 
by  Wiohmann  after  Schliiter's  death,  but  Wichmaitu  wds  never  able  to 
do  more  (ban  to  reduce  his  own  observations  for  preliminary  results  to 
be  used  in  a  discnssion  of  all  the  material  available. 

Dr.  Franz  recommends  the  substitntion  of  observations  of  the  spot 
HoBting  A  for  those  of  tbe  limbs,  in  determining  the  moon's  place,  a 
method  npou  which  a  report  was  published  by  tlie  late  Dr.  C  H.  F. 
Peters  in  the  U.  S.  Coast  Survey  volame  for  1850. 

Temperature  of  the  moon. — X  memoir  on  the  temperature  of  tbe  moon 
Ifj  Mr.  S.  P.  Tiangley  forms  a  |»»rt  of  the  fourth  volume  of  tbe  publica- 
(iOQsof  the  National  Academy  of  Sciences,  autl  is  re-published  in  asome- 
vbu  abbreviated  form  in  the  American  Jourruil  of  Scieitce  for  Deoem- 
ber,  1889.  The  paper  may  be  regarded  as  tbe  completion  of  a  piece  of 
*ork  commenced  in  1883,  and  represented  by  papers  read  in  1881  and 
IJSS,aawel1  as  tbe  present  one.  The  piiucipal  conclusion  drawn  is 
"that  tbe  mean  temperature  of  the  sunlit  lunar  soil  is  mncb  lower  than 
^  been  snpposed,  and  is  most  probably  nut  greatly  abuve  zero  ceuti- 
r*de."  The  principle  by  which  this  temperature  is  estimated  is  that 
the  iKwttion  of  the  maximum  in  a  curve,  representing  invisible  radiant 
heatofdiffereot  wave-lengths,  furnishes  a  criterion  as  to  the  teuipera- 
hiKof  the  ratliating  solid  body.  In  the  lunar  spectrum  two  distinct 
heat  maxima  are  found — one  corresponding  to  radiation  reflected  from 
the  soil,  the  other  to  that  emitted  by  it  (when  warmed  by  sunshine). 
Tliedpterminatioo  of  the  second  maximum  with  accuracy  would  give 
u  accurate  value  for  the  temperature  of  the  sunlit  soil ;  but,  unfortu- 
utely,  the  abaorptiuu-bands  produced  by  tbe  earth's  atmoi<phere  ob- 
Kore  this  maximum,  and  render  the  conclusions  somewliat  uncertain ; 
w  tiiat  Professor  Laugley  is  compelled  to  state  his  priucipal  conclu- 
■Ko  in  a  gnarded  manner,  as  above  quoted. 

The  Proceedings  of  the  American  Acailemy  of  Aits  and  Sciences 
{*ol.  21)  contains  an  account  of  sujue  measures  of  lunar  ra<liatiou  made 
tf  Mr,  C.  C.  Hutchins,  by  means  of  a  uew  thermograph  which  be  has 
Revised.  This  instrument  consists  of  a  single  thermal  junction  of  nickel 
Ud  iron  placed  in  tbe  focus  of  a  small  concave  mirror,  and  is  found  to 
Iw  DDch  more  sensitive  than  a  thermopile  of  forty-eight  couples.  The 
sieaanres  of  lunar  radiation  were  mivde  with  an  arrangement  similar  lo 
Uiatof  a  Qerschel's  telescope  with  the  thermograph  in  place  of  au  eye 
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piece,  the  oonolaaion  readied  being  tliat  tbe  heat  whioh  the  euth  le- 
eeivw  from  the  moon  is  to  that  from  the  son  as  X  is  to  164,500.  From 
observatioDS  during  the  eclipse  of  Jaaoary  28, 1S88,  Mr.  Hutchiiu  infen 
that  all  but  n  miiiate  portion  of  the  rays  from  the  lannr  soil  anil  rock 
are  cat  off  by  our  atmosphere,  iw  it  seemB  imposeible  that  a  sniftce 
like  that  of  the  moon,  upon  which  the  sun  has  been  shining  for  id*d; 
days,  should  suddenly  cease  to  radiate  when  the  snn's  l^ht  iBwitii- 
drawn. 

UA.BS. — Dnrio  gtbe  opposition  of  1890  Mars  again  received  spedil  I 
attention  fi-om  the  Lick  observers.  Exi>erimeuU  were  tried  with  eotored 
glitsses,  with  diminished  apertures,  etc.,  all  with  small  snceess.  Many 
photographs  were  also  secured,  but  none  that  were  prouonoced  satis- 
factory. The  mystery  of  the  "canals"  is  still  further  increased  by  tbe 
fact  that  while  Professor  Eolden  aud  Mr.  Keeler  always  saw  the  caoalg 
as  dark,  broad,  somewhat  diffused  bands,  and  Mr.  Sohnclwrle  saw  tbem 
in  the  same  way  when  tbe  seeing  was  bal,  but  nuder  good  condi- 
tious  described  them  as  narrow  lines  a  second  of  arc  or  so  in  width. 
Un  April  12  Mr.  Schaeberie  saw  two  of  the  canals  doubled,  therab; 
verifying  Professor  Scbiaparelli's  observatious.  The  positions  of  most  . 
of  the  canals  have  also  been  verified  by  some  of  the  Lick  astronomen  , 

JupiTEK. — Mr.  J.  E.  Keelerp'iblishes  in  the  monthly  notioes  for  N»-  i 
vember  a  drawing  of  Jupiter  made  with  the  Lick  36-inch  on  the  nigbtff 
August  28, 1890.  The  great  red  spot  is  described  as  being  of  aboottte  | 
same  dimensions  as  iu  1889,  with  a  dark  shading  at  its  following  enA, 
bat  the  middle  whiter  and  the  arrangement  of  belts  somewhat  diffcTeoL 
■'  It  would  seem,  on  the  whole,  that  the  surface  leatnrcs  of  Japiter  is- 
dicate  less  activity  in  the  internal  forces  of  the  planet  than  was  mas- 
ifest  a  year  ago." 

Barnard  aud  Bumham  have  reported  a  very  curioas  doablJDg  of  lM 
first  satellite  as  seen  with  the  1^-inch  equatorial  of  the  Lick  observ- 
atory. Of  this  phenomenon  there  seems  to  be  but  two  possible  explana- 
tions: either  there  is  a  white  belt  on  the  satellite  parallel  to  tfaebeltsot 
Jupiter  or  tbe  sat«llite  is  actually  donble. 

M.  Belopolsky  has  brought  out  from  an  examination  of  drawings  <A 
Japiter  a  peculiar  variation  in  the  time  of  rotation  (first  noted  by  Gaa- 
sini)  with  the  latitude.  A  velocity  of  9''  51"  was  found  iu  the  zoae  tfi 
to  5^  in  both  hemispheres,  and  a  time  of  rotation  of  9'"  SS.S*"  for  tbei^ 
niaiuder  of  the  surface,  both  liemispheres,  except  bctweeu  5°  and  IV 
of  north  aud  south  latitude,  where  tbe  two  velocities  appear  to  occui 
with  equal  frequency. 

Saturn. — A  peoaliar  white  spot  on  the  rings  of  Sntum  attn'acted  con 
siderable  attention  in  the  early  part  of  1889.  This  spot  was  first  b6« 
by  Dr.  Terby,  of  Lonvain,  on  March  6, 1889,  who  reported  it  as  adjacenl 
to  the  shadow  of  the  ball  and  similar  to  the  white  spots  sometiiiies  see 
upon  Jupiter;  on  March  12  it  was  again  seen  with  an  8-inch  Clark  tel 
escope,  but  on  the  15lb,  20th,  22il,  and  23d,  and  on  April  1>,  it  wai 
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ioTieible.   Wliiie  aereral  obserrere  confirmed  Dr.  Terb,v'B  discover;, 

uulIiJD^'  to  correspond  sufficiently  witli  bis  description  could  be  made 

oat  by  others,  though  provided  with  much  more  powerfnl  apparatus. 

Pnftewr  Hall  has  expressed  the  opinion  that  it  was  an  optical  ^ect 

oTooDtrast. 
TbeTeryfloedivisionof  the  onter  ring  detected  with  the  36-inch  Lick 

rcfnctoT  early  in  1383  was  again  seen  in  1389  at  a  distance  of  about 
ose-BJitli  of  the  breadth  of  ring  A  from  its  outer  edge.  A  dark  sbad- 
ing  extended  inwards  from  the  new  division  almost  to  the  inner  edge  of 
tbf  ring.  Professor  Holden  has  noted  also  an  extremely  narrow  brighter 
p<darcap  about  5  seconds  of  arc  wide,  iu  a  direction  parallel  to  the 
E^ii;)for,  and  i>erpendiodlar  to  this  about  tbe  width  of  the  Oassioi  divi- 
Bou  at  tbe  an  sat. 

Ad  iDtereetiDg  monograph  on  Saturn,  the  resnit  of  fourteen  years 
mk,  is  contributed  by  Prof.  Asaph  Hall  as  Appendix  ll  to  the  Wash- 
^OQ  Observations,  1335.  The  characteristic  of  this  memoir  is  great 
aotioD,  and  the  three  drawings  of  the  planet,  where  a  few  scanty 
Difkings  represent  all  that  Professor  Hall  can  certainly  see  with  a 
Ise  telescope,  should  re-assure  those  who  bare  been  dissatisfied  with 
faeir  modest  inatmments  beeanse  they  could  not  therewith  recognize 
he  elaborate  detail  described  by  more  imaginative  observers.  To 
note  the  author's  own  words:  "The  appearance  of  Saturn  in  our 
^inch  refractor  nndergoes  great  changes  from  night  to  night,  and 
motimes  eveii  from  hour  to  hour  during  tbe  same  night.  Probably 
^changes  are  due  to  variations  in  our  own  atmosphere  and  in  the 
ttioii  of  tbe  objective,  and  they  do  not  therefore  indicate  real  changes 
I  the  planet.  Whenever  we  have  a  steady  and  transparent  atmos- 
^  tbe  outlines  of  tbe  planet,  the  faint  belts  and  markings  on  the 
>ll,  the  shadow  of  the  ball  on  tbe  ring,  the  dusky  ring,  and  the  Cassini 
cisioii  are  clear  and  distinct,  and  the  abnormal  phenomena  sometimes 
CQ  are  not  visible.  Withont  exception,  my  experience  is  that  on 
>«1  nights  tbe  planet  always  has  this  natural  appearance.  But  on 
>or  nights,  when  the  image  is  bluzing  and  unsteady,  one  can  see  and 
i^ne  many  strange  things  about  this  wonderful  object." 
IVofeesor  Hall  finds  for  the  rotation  period  of  tbe  planet  from  obser- 
tiODs  of  tbe  white  spot  (1876,  December  7  to  1877,  January  2)  10^ 
"  23*.  8  TJr  2*.  3  mean  time  (see  Astron.  Kachr.  No.  2116).  Oaieful 
KogRoas  are  also  given  of  the  position  and  dimensions  of  tbe  ring. 
Tlie  Dotcb  in  tbe  outline  of  tbe  shadow  was  never  seen  at  Washing* 
■>.  either  by  Proressor  Hall  or  bis  assistant.  "Thecun'ature  of  the 
tiine  of  tlie  shadow  presented  an  anomaly  iu  1876  when  the  couvezity 
peaied  to  be  turned  towards  tbe  ball,  contrary  to  what  we  shoald 
ptet  from  geometrical  considerations.  The  notes  show  that  some- 
IDS  of  this  kind  was  seen  after  the  re-appearance  of  the  ring  in  1878. 
ter  the  ring  was  well  opened,  the  curvature  of  the  outline  always 
peared  natur^  or  turned  away  from  tUe  ball."    (Obiervatory.) 
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Tlie  last  (iKterDiiuatiou  of  the  tbickuess  of  Satnru'a  ring,  hn  Professor 
Hall  has  poiut«(l  out,  was  made  in  1848  by  W.  O.  Boud,  who  fouud 
that  it  was  letis  than  0."01;  Dns^joar  estimated  ita  IhickDeea  atO."2, 
and  Scbroeter  at  0."13.  At  the  disappearaDce  of  the  nag  id  Septem- 
ber aud  October,  181)1,  the  conditioiiB  of  observation  arc  not  rery 
favorable,  a  better  opgiortonity  occurring  in  lSd2. 

In  couuectioii  vith  the  approaching  disappearance  of  the  ring,  an 
account  of  observatious  luade  by  M.  E,  L,  Trouvelot  upon  the  passage 
of  the  sun  and  earth  through  the  plane  of  the  rings  in  1877-^8  i»  of 
especial  interest. 

Saturn's  saiclHie*. — Dr.  HermaDa  Strave  has  published  the  eeoond 
iuslallmcnt  of  his  work  on  the  theory  of  Saturn's  satellites.  In  this  be 
discusses  the  orbits  of  Mimas  and  Gnceladus,  and  their  connection  willi 
the  other  satellites,  and  he  has  been  able  to  account  satisfactorily  for 
the  largo  corrections  to  the  compnteil  position  of  Mhnas  required 
d:?ring  the  past  few  years.-  In  his  previous  paper  Dr.  Strnve  was  led 
to  assume  a  sensible  mass  for  the  ring-system  of  Saturn,  bat  he  nor 
coDcIu(U'i>  that  this  hypothesis  must  be  rejected,  the  mass  of  the  riiif; 
being  so  small  that  the  terms  to  which  it  would  inde|>endently  give 
rise  in  the  disturbing  function  are  as  yet  undetected  by  observation. 

A  determination  of  the  orbit  of  Titan  and  thu  mass  of  Satam,  tbe 
result  of  several  years' work  with  the  Yale  observatory  heliomettf.ia 
published  by  Mr.  Asaph  Ball,  jr.,  in  the  Transactions  of  tbe  l>te 
Observatory,  1889.  His  value  for  Saturn's  mass  is  1;3500.5  ±  l.i4, 
agreeing  well  with  Bessel's  value  1:  3502,  aud  that  obtained  by  Stmve 
1:3498. 

Ubanus. — Dr.  Hoggins  has  fouud  evidence  of  solar  lines  in  the  photo- 
graphic spectrum  of  Uranus,  with  an  exposure  of  two  hours  (June  3, 
1889).  All  the  principal  solar  lines  were  seen,  but  no  others  either 
bright  or  dark.  Mr.  Taylor,  on  the  other  hand,  has  reported  bright 
flutings  seen  with  a  direct  vision  spectroscope  attached  to  the  five  foot 
reflecter  of  Common's  observatory,  Ealing,  and  if  this  observation  is 
confirmed  it  will  of  course  prove  that  the  planet  is  at  least  id  part  aelf- 
lumiuous. 

THE  MINOR  PLANETS. 

The  discovery  of  additional  members  of  the  zone  of  asteroicis  goes 
on  without  the  least  signs  of  abatement,  and  the  number  has  imir 
reached  301,  no  fewer  than  6  having  been  found  in  1889,  and  14  in  181H'. 
Twice  during  18!K)  (April  ^5  and  September  9)  two  were  discovered  "n 
the  same  evening  by  the  same  observer;  and  the  two  discovered  bv 
Palisa  on  April  25  were  independently  discovered  by  Charlois  oo  the 
following  evening,  April  26. 
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Ad  asteroid  discovered  by  Obarlois,  November  14, 1890,  and  supposed 
by  bim  to  be  298  (discovered  September  9),  proved  to  be  not  ideutical 
with  the  latter.    Consequently  it  takes  tbe  immber  S02. 

SOLAS   ST8TEH. 

Prof.  Lewis  Boss  bas  made  a  new  determinatibn  of  the  amoiiiit  and 
direction  of  the  solar  motion  based  upoD  a  list  of  2S3  stellar  proper 
EDotioDS  derived  from  the  Albany  zone  observations.  Professor  Boss 
Mwidera,  as  the  most  probable  result  from  these  data,  that  the  ajiex  of 
ibesDu's  way  is  in  right  ascension  W'  40'";decliuation  +40°,  or  not  far 
from  the  star  Vega. 

Serf  Oscar  Stompe,  of  Bonn,  has  made  a  new  determination  of  tbe 
direction  of  the  solar  motion  from  the  proper  motions  of  1,054  stars, 
vhich  he  divides  into  four  groups,  accordiup:  to  the  magnitudes  of  tbeir 
I^per  motions  in  a  great  circle.  He  thus  obtains  four  different  values 
nf  tbe  apex  of  the  san's  way,  all  agreeing  iu  locating  that  point  in  the 
oongtellfttiOD  Lyra,  or  ia  the  adjacent  part  of  Oygnus. 

Prof,  J.  B.  Eastman,  in  an  address  as  president  of  the  Pbilosphical 
^■x^ty  of  Washington,  hna  given  an  analysis  of  tbe  investigations  to 
determine  tbe  a|>e.T  of  the  sun's  motion  and  its  velocity  of  translation. 
Be  shows  that,  contrarj'  to  tbe  ordinarily  accepted  l>e1ief,  faint  stars  are 
nearer  ns  than  bright  stars ;  a  result  also  shown  by  the  list  of  stellar 
PwiUaxes  recently  published  by  Oudemaus. 
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Rotation  of  tlie  sun. — Mr.  Grew,  whose  observations  of  the  rotation 
of  the  8UI)  were  noted  iu  a  prerioug  sammary,  hivs  made  a  new  se- 
riea  of  observatious  for  the  correctiou  or  confirmatioD  of  his  conda- 
sioD  that  the  augular  velocity  of  rotation  increased  with  an  increase 
of  latitnde.  He  otill  finds  shoiter  rotation  periods  for  the  higher  lati- 
tudes, the  mean  value  for  the  period  at  latitude  4&°  being  18  hoars 
shorter  than  at  the  equator,  though  owing  to  the  smallness  of  diie 
amount  aiid  the  uncertainty  of  theobservations  be  is  of  the  opinion  that 
"  no  certain  variation  of  period  with  latitude  has  been  detected  with 
the  spectroscope."  Attention  U  calletl  however  to  the  wide  differencni 
of  the  equatorial  jieriod  as  obtained  by  different  methods,  differeooes 
which  may  be  due  to  the  fact  that  wo  are  really  dealing  with  differeut 
strata  of  the  sun,  thongb  here  also  much  reliance  most  not  be  placed 
npoD  the  observations. 

Spectroscopic  observations  made  by  Dun4r  for  determining  the  rota- 
tion time  of  the  suu,  confirm  tbe  slowing  down  of  the  time  of  rotatioa 
with  an  increase  of  heliocentric  latititude,  qnite  contrary  to  the  result 
recently  obtained  by  Wilsiug.  A  period  of  25.46  days  is  dedncedTor 
the  sidereal  rotation  at  tbe  equator,  and  38.54  days  for  that  at  latilndi 
74.SO 

IHametero/the  sun. — Dr.  Anwers  discusses,  in  the  third  memoir  on  the 
diameter  of  the  sun,  commnuivated  to  tbe  Berlin  Academy,  tbe  obewn- 
tions  at  Greenwich  by  Maskelyne  and  his  assistants  from  1765  to  ISIO. 
GnrioDS  differences  of  personal  equation  between  different  obserren  are 
brought  out.  Instead  of  Maskely  ne's  observations  giving  progressively 
smaller  values  of  the  sun's  diameter  during  his  whole  observing  life,  u 
has  hitherto  been  supposed,  l>r.  Auwers's  very  exhaustive  diacnsBiOD 
indicates  that  after  the  first  two  years  (which  gave  a  very  large  value) 
the  observed  diameter  remained  nearly  constant  for  the  period  1767- 
1772,  then  during  tbe  years  1773-1790  the  diameter  was  oontioaall; 
decreasing,  lastly  from  1790-1810  the  observations  gave  a  diameter  con- 
tinually inereasing.  The  mininiiim  value  in  1790  was  31'5S".13 — aboot 
1"  smaller  than  the  value  obtained  from  modem  beliometer  measaieb 

i^oerer^s  researches  on  sun  spots,—  Professor  S[>oerer,  who  has  derotel 
much  attention  not  only  to  the  current  state  of  the  solar  activity,  but 
also  to  the  early  records  of  sun  spots,  published  early  iu  1889  two  im- 
portant papers  on  the  results  of  bis  researches  in  tbe  latter  field.  Tbe 
two  papers  are  entitled  respectively,  Veher  die  Periodidtdl  der  Soxuea- 
fieokenseit  demjahre  1618,  communicated  to  tbe  Royal  Leopold-Caro- 
liue  Acadoniy,  and  Sur  tea  diffirencts  que prisentent  Vhimxtphire  nerdtt 
riiemiitpkire  sud  du  Soleil,  appearing  in  the  number  of  BulletM  Altr9n^ 
tnigue  for  Febrnury,  1889.  The  conclusions  arrived  at  in  these  tw 
papers  may  be  sumniHrized  under  tbe  three  following  heads; 

First:  These  earlier  observations  nfi'onl  us  many  examples  of  Hie 
operation  of  the  "  law  of  zoni'a ;"  that  is  to  say,  a  little  before  a  miui- 
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niiui  hpoU  iire  ouly  seen  in  low  latitadea,  at  about  tlie  time  of  laiui- 
iDum  spots  near  tUe  eqoator  cease  to  appear,  while  a  fresh  series  o( 
spots  break  oat  a  groat  distauoe  from  it,  and  tbeuoeforward  to  tbe 
next  miaimain  the  mean  heliographic  latitude  of  the  spots  tends  to 
ilvvliue  contiDUOQsly,  until  at  leugth  spots  are  agaia  seen  ooty  id  the 
Fjcinity  of  the  equator.  This  law  held  good.  Professor  Spoerer  shows, 
fof  the  miDima  of  1619, 1755, 1775,  1781,  1833,  and  18U,  and  to  Bome 
eiteot  for  that  of  1645. 

Second;  Though  in  geueral  a  predominance  of  spots  for  a  time  in 
Doe  hemisphere  is  sooner  or  later  balanced  by  a  correspoudtug  predom- 
ioauce  in  the  other,  this  is  not  always  the  case,  and  Professor  Spoerer 
calls  attention  to  three  periods  in  which  the  southern  hemisphere  was 
lieciiifilly  the  more  prolific.  The  first  was  from  1621  to  1625,  thero  be- 
iug  DO  uorthern  spots  in  1021  and  1622,  and  but  few  in  tbe  three  fol- 
lowing years.  Another  is  the  present  period,  for  from  1883  to  tlie  prea- 
«Dt  lime  the  southern  spots  have  been  nearly  twice  aa  numerous  as  the 
northern.  But  the  third  was  the  most  n^marbable,  for  froui  1S73  to 
1704  we  have  no  record  of  any  northern  spots  at  all ;  and  Cassiui  and 
Maraldi  expressly  declared,  on  the  appearance  of  a  northern  spot  in 
1705,  that  they  did  not  recollect  ever  to  have  observed  a  spot  in  that 
bemisphere  before.  JS'orthern  spots  coutinuecl  to  be  infraqueut  ontii 
1714. 

Third:  For  a  period  of  about  seventy  years,  eading  iu  1716,  there 
Hems  to  have  been  a  very  remarkable  interruption  of  the  ordinary 
tonne  of  the  spot  vycle.  In  several  years  no  spots  appear  to  have 
Ivengeen  at  all,  and  iu  1706  it  was  recorded  as  a  most  remarkable 
*wit  that  two  spots  were  seen  on  the  sun  at  the  same  time,  for  a  sim- 
ilar circnmstance  had  scarcely  ever  beeu  seen  during  the  sixty  years 
imviDus.  So  far  as  tbe  observations  go,  the  "  law  of  zones"  also  seems 
to  have  been  iu  abeyance,  for  no  regular  drift  was  apparent,  the  mean 
luilude  being  low — aboat  8°  or  9° — duitng  the  entire  time. 

Professor  Spoerer  is  still  continuing  his  researches  into  ancient  sun- 
*pot  records,  and  hopes  to  be  able  to  examine  the  maunscripts  of  Plaut- 
rf8 (1785-1726)  and  of  Flaugergnes  (1794-1830).  (B.  W.  M.  Monthly 
^ottM  R.  A.  a.,  Pebrnary,  1890). 

Attention  sbonld  be  directed  to  a  paper  in  the  Monthly  Notices  for 
lumber,  1890,  by  Rev,  A.  L.  Cortie,  B.  J.,  on  the  sun-spot  observa- 
tions made  at  Stonyhnrst  in  the  years  1882-'89. 

A  comparison  of  snu-spot  statistics  for  187S  with  the  records  of  1889 
pTeu  a  suu-spot  period  of  exactly  11  years,  and  it  seems  probable  that 
^i  real  minimum  occurred  about  the  end  of  1889.  This  probability  is 
■"creased  by  the  appearance  on  March  4, 1890,  of  a  large  spot  in  helio- 
r>phic  latitude  +34°,  which  during  its  period  of  visibility  in  a  semi- 
iBtAtion  of  tbe  son  passed  within  one-sixth  of  the  sun's  diameter  from 
it«  nortbern  edge.  During  the  whole  of  the  year  1889  the  southern 
^Hoisphere  of  the  sun  mauifested  greater  activity  than  the  northern; 
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protaberanoea  were  neen,  according  to  Taccbiui,  in  both  hemispberes  at 
high  latitudes  where  there  were  neither  HpotH  aor  faculie;  there  were 
also  zones  with  spots  and  without  facnlfe. 

Mr.  Lockyer  has  presented  a  second  report  to  the  Sohtr  Physics  oom- 
tnittee  on  the  observations  of  sun-spot  spectra  made  at  South  Kensing- 
ton. He  finds  that  the  observations  (to  Febrnar;,  1888)  confirm  the 
oonclnsion  which  he  arrived  at  in  1886,  that  "  as  we  pass  from  minimnm 
to  maximotu  the  lines  of  the  chemical  elements  gradually  disappear 
firom  among  those  most  widened,  their  places  being  taken  by  lines  of 
which  we  have  at  present  no  terrestrial  representatives. 

80LA.B  8FECTRUU. 

TkoUon't  chart  of  tke  aolar  Bpectruai — In  1879  Tbollon  presented  to 
the  Acad4mie  des  fScieuces  a  map  of  the  solar  spectrum,  extending  from 
Ato  H,  made  with  his  great  spectroscope.  His  work  was  renewed  wiih 
more  perfect  apparatus,  bat  on  account  of  the  great  labor  of  the  undo-- 
taking  be  confined  himself  to  the  region  from  A  to  b;  this  was  pre- 
sented to  the  Academy  in  188S,  and  gained  the  Lalande  prise.  TLollon 
continued  this  work  until  his  de.ith,  and  it  has  now  been  published  in 
33  maps  with  a  total  length  of  I0'°.23  (;!3.(i  feet),  and  couUins  about  3,200 
lines,  between  the  limits  ado  pted,  A  and  b,  the  positions  of  which  vere 
determined  from  252  sharp  lines  adopted  as  "faodamentals." 

Thollon  made  special  efforts  to  distitignisli  the  tellnric  rays  from  those 
entirely  due  to  the  sun;  and  with  this  end  in  view  he  observed  the  snn 
at  different  altitudes,  noting  the  hygrometric  conditions  of  the  air.  Of 
these  3,200  lines  mapped,  2,090  were  of  solar  origin,  866  telluric,  and 
216  mixed,  that  is  to  say  resulting  from  the  snperposition  of  t«llur)c  ami 
solar  lines.  The  breadth  and  intensity  of  each  line  is  given  upon  na 
arbitrary  scale. 

M.  Bigourdan,  in  a  review  of  Thollon's  work,  published  in  the  May 
number  of  the  Bulletin  Astronomique,  says  tbatfor  the  part  of  the  spec- 
tram  studied  no  work  Is  comparable  with  that  of  Thollon  except  the 
magnificent  photographs  of  Rowland,  and  he  finds  ni>on  a  critical  ccui- 
pariaon  of  different  regions  of  considerable  extent  that  Bowland's  pho- 
tographs contain  iio  lines  not  upon  Thollon's  chart,  though  the  faintest 
lines  given  npon  the  chart  are  frequently  lacking.in  the  photographs. 
Between  wave-'.engths  5,202  and  5,337,  for  example,  in  Rowland's  pho- 
tograph, there  are  not  half  tbe  nnmber  of  lines  that  there  are  npon 
Thollon's  chart,  though  it  is  probable  that  the  original  negatives  would 
not  show  so  large  a  difference. 

Bowlan^s  determination  of  elements  in  the  sun. — Professor  Rowland's 
examination  by  photography  of  the  spectra  of  58  elements  and  their  coiu- 
parisoD  with  the  speetrum  of  the  sun  shows  the  existence  in  the  sun  of 
35  different  elements ;  the  existence  of  8  more  in  tbe  sun  is  doubtful, 
while  of  10  be  finds  no  trace.  The  element  represented  by  the  greatest 
onmberof  lines  isiron,  therebeing  2,000ormore  lines  in  the  spectrum 
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ofiroo  foaDd  also  in  tb«  solnrspeetram.  Iron  is  followed  by  nicbe),  titiui- 
iaiD,triangKue8c,  cbromium,  cobalt,  carbon,  with  (iecreaaing  frequency  of 
coJDcideDces,  ending  with  lead  and  putaaaiDm,  for  wbicb  but  one  line  ia 
foawl  in  common  with  the  snn. 

Tbe  fnl!  liat  of  elements  in  the  auD,  arranged  according  to  the  ioten- 
Bi^  and  tbe  number  of  lines  iu  tbe  solar  spectrum,  ia  as  follows : 

Xlmnli  i»  tka  §HK,  arrangtd  according  to  lh»  iiiienHly  e»d  Ike  nnmber  of  Itnv  in  tkt 
lolar  tpectrmn. 


Aeeordiug  lofnlnufly. 


According  to  nunber. 


Mciam. 

Zircon  mm. 

Iwo  (8.000  +  ). 

Magne-inm  (S 

IroD, 

HolfbdeDnm. 

Nickel. 

Sodium. 

Hjdrogen. 

Silicon. 

SoJinin. 

Mftngftnese. 

Strontium. 

KUkel. 

PallftdiiuD. 

Cbromium. 

Barium. 

MigMiom. 

Neodjmlnm. 

ColMlt. 

AlaiDinium  (4 

CoWL 

Copper. 

Carbon  (-200 +)■ 

Cadminm 

aikon. 

Zinc. 

Rhodium. 

UDmininm. 

Cadmiaro. 

Zirconium. 

Erbiam. 

l^UDinni. 

Carium. 

Cerium. 

Zino. 

CLnHDiDm. 

Glncinnni. 

Calcinm(75+). 

Copper  (2). 

Germauinm. 

Scau'linra. 

8iKer<2). 

StMDiiam. 

Rhodium. 

Neotl.vuinm. 

Olacinum  (S) 

?>»tdioii.. 

Silver. 

Germanium. 

hrian. 

Tin. 

YUrium. 

Tiu. 

CirlKiD. 

Lewi. 

Niobium. 

Lead  (1). 

ym\^m. 

Ethinm. 

Holjrbdennm. 

Potasaiam. 

Tltrian. 

PotuaiutD. 

Palladium. 

Doubtful  eUmenit. 

IridiDU. 

Platinum. 

Tantalum. 

Tungsten. 

OMDlam. 

Ratbeninm. 

Thorium. 

Uranlnm. 

Not  in  lolar  tpeelrum. 

Autinioo;. 

Cswium.               Rabidium. 

Arsenic. 

Gold.                    Selenium. 

BiiDintb. 

Indinm.                Sulpfa 

r. 

BoroQ 

Mercury.            Thallium. 

Nitro)c<!ti  (vacnnm  tabe). 

Broolne. 

Iodine.                 Oxjffeo.              Gallium. 

Tbulinm. 

Chloriof. 

Fluorine.             Tellurin 

m.           Hot.iiium. 

Terbium,  e 

Proresaor  Rowlnud  says :  "  With  the  bigb  dispersion  here  used 
the  'basic  lines'  of  Lockycr  are  widely  broken  up  and  cease  to  exist. 
Indeed  it  wonld  be  difficult  to  prove  anytbing  except  accidental  coinci- 
dences among  tbe  lines  of  tbe  different  elements.  Accurate  investiga- 
tion g;enera]|y  reveals  some  slight  difference  of  wave  length  or  a  com- 
BKni  impurity.    Furthermore,  the  atrength  of  the  lines  in  the  solar 
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spectrum  is  generally  very  nearly  the  same  as  that  in  tbe  electnc  are, 
with  odIt  a  few  esc«ptious,  as,  for  inatanoe,  calcium.  Tbe  cases  meo- 
tioued  by  Lock.^er  are  generally  those  where  he  inintakes  gTon|«  of 
liuAB  for  single  lines  or  eveu  mistakes  the  character  of  tbe  Hue  entirdy. 
Altogether  there  seems  to  be  very  little  evidence  of  the  breaking  up 
of  tbe  elements  in  the  suu,  as  far  as  my  experiments  go." 

M.  Janssen,  in  August,  1S90,  repeated  tbe  observations  that  he  mad« 
io  1888,  upon  Mont  Blanc,  this  time  ascending  ta  tbe  sammiU  He 
confirmed  completely  his  former  result  that  the  lines  of  the  spectrum 
doe  to  the  action  of  oxygeu  iu  oar  atmosphere  diminish  with  the  slti- 
tnde,  indicating  that  at  the  limit  of  the  atmosphere  tbesu  rays  would 
disappear  entirely  and  in  consequence  tbatoxygen  is  not  aL-tiially  present 
iu  tbe  sun's  atmosphere.  Tbitj  conclusion  had  already  received  Gonfir- 
matioQ  from  a  series  of  observations  of  the  spectrum  of  un  electric 
light  placed  on  the  Eiffel  Tower,  as  viewed  from  the  observatoiy  at 
Meadon. 

ECLIPSES. 

Eclipses  of  1889,  and  1890.— During  the  year  J889,  there  were  flre 
eclipses,  three  of  the  suu  and  two  of  the  moon;  and  during  IF^SO,  three 
eclipses,  two  of  tbe  suu  and  one  of  tbe  moon.  Two  of  tbe  solar  eclipaei 
of  1839  were  total,  and  one  of  1890  was  total  over  a  portion  of  tbe 
ceutral  line. 

The  Almanac  records  also  a  lunar  appulse  ou  June  2, 1890,  the  near- 
ness of  the  approach  and  tbe  uncertainty  as  to  tbe  effect  of  the  eartb's 
atmosphere  rendering  it  doabtfnl  whether  the  moon  would  actually 
enter  the  earth's  shadow.  Of  the  eclipses  of  tbe  moon  nothing  of 
especial  interest  has  been  reported.  A  brief  summary  of  tbe  observa- 
tions of  the  solar  eclipses  is  given  below: 

Total  eclipse  of  the  sun  January  1,  1889. — Tbe  event  of  chief  astro- 
nomical interest  in  the  year  1889,  waa  the  eclipse  of  the  suu  oo  Nev 
Tear's  day,  the  last  total  solar  eclipse  visible  in  the  United  States  in  this 
centnry.  The  line  of  central  eclipse  crossed  California,  Nevada,  Idaho, 
Wyoming,  Montana,  and  Dakota,  the  width  of  the  belt  of  totality  being 
about  96  miles  in  Oalifornia;  the  partial  phases  of  the  eclipse  were 
visible  over  tbe  greater  part  of  North  America,  first  contact  being 
observed  at  Washington  a  few  minutes  before  snuKet.  Ample  prepa- 
rations were  made  for  utdiziiig  the  less  than  two  minntes  of  totality, 
and  printed  circulars  suggesting  to  amateur  observers  the  most  efficient 
manner  of  employing  the  means  at  their  command  were  widely  circu- 
lated. The  most  thoroughly  equipped  party  in  the  field  was  that  from 
the  Harvard  observatory  nnder  the  charge  of  Prof.  W.  H.  Pickering, 
at  Willows,  Oalifornia.  This  party  alone  secured  between  50  and  60 
photographs  taken  with  14  telescopes  or  cameras  and  8  sjwctroecope^ 
one  of  the  telescoiies  being  of  13  inches  aperture,  tbe  largest  ever  used 
in  observing  a  total  solar  eoli|we.    A  party  from  the  Lick  observatory 


"astronomy   FOK   1889,  1990.  157 

QDder  Mr.  Keeter  wns  at  Bartlett  Springs ;  one  from  WaBbiD{;toii  Uni- 
versity  observatory,  Bt.  Loais,  nader  Prof.  H.  S.  Pritcbetl  at  Kormaii; 
one  from  CarletOD  College  obBervalory  ander  Professor  Payne  atObico; 
and  many  other  available  points  vere  occupied  by  individual  astrou- 
otaeiB  or  photographers.  At  Cloverilale  the  Pacific  Ooast  Amateur 
Pbotographic  Association  was  represented  by  30  cameras. 

Professor  Holden  has  pablisbed  a  fall  report  of  the  Lick  observatory 
party  and  its  cooperators—tfatt  frontispiece  being  au  admirable  photo- 
^pb  of  the  corona  by  BamanI,  taken  with  a  telescope  of  3^  inches 
aperture  stopped  down  to  IJ  inches.  Professor's  Holden's  "coDctnsions" 
ID  which  he  sammarizcs  the  observations  are  as  follows: 

L  That  the  characteristic  coronal  forms  seem  to  vary  periodically  as 
the  SOD  Bi>ot«  (and  auroras)  vary  in  frequency,  and  that  the  coronas  of 
1847, 1878,  and  1889  are  of  the  same  strongly  marked  type,  which  cor> 
responds,  therefore,  to  an  epoch  of  minimum  solar  activity. 

II.  That  so-called  "  polar "  rays  exist  at  all  Intitudes  on  the  snu's 
surface,  and  are  better  seen  at  the  jioles  of  the  sun,  simply  because 
they  are  there  projected  ngainht  the  dark  backgronnd  of  the  sky  and 
oot  against  the  equatorial  extensions  of  the  outer  corona.  There  ap- 
pears to  L>e  also  a  second  kind  of  rays  or  beams  that  are  connected  with 
the  ring-like  extensions.  These  are  parts  of  the  "  groups  of  synclinal 
stTDctare"  of  Mr.  Banyard. 

III.  The  outer  corona  of  1 889  terminated  in  branching  forms.  These 
tnoching  forms  of  the  onter  corona  suggest  the  presence  of  streams  of 
meteodtea  near  the  sun,  whtcb,  by  their  rvHected  light  and  by  their 
native  brilliancy,  due  to  the  collisions  of  their  individual  members. 
My  account  for  the  phenomena  of  the  outer  corona. 

IV.  The  disposition  of  the  extensions  of  the  outer  corona  along  and 
very  near  the  plane  of  the  ecliptic  might  seem  to  show  that,  if  the 
■tteams  of  meteorites  above  referred  to  really  exist,  they  have  long 
ixen  integral  parts  of  the  solar  system, 

V.  The  photograt)hn  of  the  corona  which  were  taken  just  before  con- 
tact II  and  just  after  contact  III  prove  the  corona  to  be  a  solar  appeod- 
>ee,and  are  fatal  to  the  theory  that  any  large  part  of  the  coronal 
fbraiR  are  produced  by  diffraction,    -    -    - 

VL  The  spectroscopic  observations  of  Hr.  Keeler  show  conclusively 
that  the  length  of  a  coronal  line  is  not  always  an  indication  of  the 
depth  of  (he  gaseous  coronal  atmosphere  of  the  snn  at  that  point,  and 
IWDce  to  indicate  the  important  coDclusion  that  the  true  atmosphere  of 
the  SDu  may  be  cotuparatively  shallow. 

VII.  Mr.  Keeler  draws  the  further  conclusion  in  bis  report  •  -  - 
that  the  "  ])oiar  "  rays  are  due  to  beams  of  light  from  brighter  areas  of 
UHsanillnminating  the  suspended  particles  of  the  sun's  gaseoas  envel- 

Nwre.— TheRonclii.iioDR  III  and  IV  appear  to  \m  ciintruttictory  to  that  eTpretsed  in 
t.  The  (lectiical  tlienry  aQiirmnceil  liy  Dr.  Ilygiua  in  the  Bakeri«D  lecture  for  l!*S5 
■MO* lo  reooncile  tbe  coacluiiious  I,  111,  and  IV,  ^ 
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opea.  Ill  order  that  the  concluatou  may  stand  it  is  iiecesaary  to  show 
that  all  these  "  polar  "  beams  are  composed  or  lectilinear  rays.  -  -  . 
An  importaat  conulusioa  from  [the  photographio  and  photometne] 
meaasres  seems  to  be  that  it  is  impracticable  to  photograph  the  oonma 
iq  fall  aausbiDO  with  oar  present  plates,  and  that  a  photographic  aeaich 
for  Talcan-is  hopeless. 

The  Smithsonian  Institution  has  pablisbed  a  series  of  photographs 
of  the  corona  of  this  eclipse  made  by  diEferent  observers  and  rednctd 
for  convenience  to  a  aniform  scale,  and  has  also  published  a  aaggestive 
paper  by  Prof.  F.  H.  Bigelow  traciug  a  close  agreement  between  msg- 
netic  lines  of  force  compated  for  the  son  and  the  carves  of  the  polar 
filaments  shown  upon  the  Pickering  photograph. 

Selipse  of  tke  sun  1889,  June  27. — An  annular  eclipse  visible  in  the 
southern  part  of  Africa.  Dr.  Auwers  and  Dr.  Gill  obtained  a  number 
of  measures  of  the  cusps  with  the  Cape  heliometer. 

Eclipse  of  the  sun  1889,  December  21-22. — Three  principal  points  were 
available  as  obaerring  stations :  the  southwest  comer  of  the  island  of 
Trinidad  totality  lasting  1"  46';  Cayenne  on  the  coast  of  Freueb 
Oniaua,totality  2™  3*;  and  Oa|>e  Lado  a  point  on  the  western  coast  of 
Africa  just  sontb  of  St.  Paul  de  Loanda,  totality  i"  12*.  Two  expedi- 
tions went  out  to  Africa,  one  sent  by  the  United  States  GovemmeDt 
under  Prof.  D.  P.  Todd,  and  provided  witli  most  elaborate  apparalas, 
and  the  other  from  the  Boyai  Astronomiciil  Society  of  England  ua&et 
the  direction  of  Mr.  A.  Taylor.  Cloudy  weather  prevented  both  of  ^eae 
parties  from  securing  observntioos.  Another  ]iarty  from  the  Boyal 
Astronomical  Society  under  Father  Perrj,  at  the  Saint  Islands,  was  par- 
tially successful  as  far  as  observations  go,  but  resalted  most  disastrously 
in  the  death  of  Father  Perry  from  dysentery  within  a  few  days  iiXbet 
the  eclipse.  M.  de  la  Baume  Pluvinel  was  also  at  the  Salut  Islands 
and  secured  a  number  of  photographs.  The  Lick  observatory  party  at 
Cayenne,  Messrs.  Bnrnham,  Schaeberle  and  Rockwell,  were  sncoessifol; 
securing  good  photographs. 

Eclipse  of  the  sun  1890,  June  17. — The  annular  eclipse  of  June  IT, 
1890,  was  coutral  over  portions  of  Northern  Africa  and  Sontbem  As 
and  was  visible  as  a  partial  eclipse  over  the  whole  of  Europe.  In  the 
soatbern  part  of  Italy  three-fourths  of  the  snu's  disk  was  oover«d  by 
the  mooD.  Observations  partially  successful  were  obtained  by  Profes- 
sor Bicco  at  Palermo.  At  Ganea,  M.  de  la  Baume  Pluvinel  secured 
several  photographs  of  the  partial  and  annular  phases,  and  also  of  (he 
spectrum  of  the  annidus,  the  latt«r  proving  to  be  the  same  as  the  ordi- 
nary solar  spectrum. 

Eclipse  of  the  sun  1890,  December  11.— A  total  eclipse  of  the  ano 
occurred  on  December  11, 1890,  the  central  line  being  confined  to  th« 
ocean  south  of  Australia.  lu  cousequence  of  the  earth's  globular 
surface,  the  eclipse  was  annular  at  the  beginning  nud  end,  and  total 
betweeu  IS**  55"*.3  and  W  20™.5  Greenwich  mean  time.     In  portions  of 
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Aastnlta,  and  in  Tasmania,  and  in  New  Zealand,  it  vas  visible  as  a  par- 
tial eulipse.    Ko  observation  of  special  interest  was  reported. 

Hr.  J.  H.  Schael>erle  lias  pnblislied  in  tlie  Monthly  Notieei  a  theory 
of  tlie  solar  corona,  in  which  be  concludes  that  the  corona  is  due  to 
tlie  light  emitted  and  reflected  by  the  filaments  of  matter  thrown  oat 
bj  the  snn,  the  corresponding  forces  being  variable  and  with  a  period 
sbont  the  same  as  the  son-spot  period.  The  rays  of  doable  curvature 
are  explained  by  the  rotation  of  the  sud,  and  the  apparent  changes  in 
tbe  general  form  of  the  corona  by  the  position  of  the  observer  with 
reference  to  the  plane  of  the  snn's  equator. 

The  SmithsoDian  Institution  published  in  1889  a  series  of  reproduo 
tioDBof  anamber  of  photographs  of  the  eclipse  of  January  1, 1889,  sent 
from  varions  stations  on  the  Pacific  coast  The  photographs  are  for 
convenience  of  comparison  reduced  to  a  uniform  scale  of  abont  1  inch 
iliaioeter,  Ifxplauatory  notes  and  remarks  suggested  by  a  study  of  the 
photographs  are  added  by  Prof.  David  P.  Totlrt. 

Hr.  H.  H.  Turner  in  the  Philosophical  Transactions  (vol.  180,  p.  385- 
393)  discosses  the  observations  of  the  eclipse  of  August  29,  1886,  made 
U  the  island  of  Grenada. 

BOLAE  PABALLAX  AND  THE  TBAKSITS  OF  VBNUS. 

Traniiti  of  Venus  in  1701  and  1769. — A  thorongfa,  and  probably  the 
final,  re-reduction  of  the  observations  of  the  transits  of  Venus  in 
1T61  and  1769  baa  been  made  by  Professor  Newcomb  in  volume  2,  part 
i>,  of  the  astronomical  papers  of  the  American  Bphemeris,  a  primary  ob- 
icct  being  the  determinatiou  of  the  position  of  the  node  of  Yenns.  The 
wlae  obtained  for  the  solar  parallax  is  8". 79  with  a  probable  error  of 
+  0".O34. 

Professor  Harbuess  of  the  U.  S.  Naval  Observatory  has  devoted  sev- 
eral years  of  work  to  an  elaborate  discussion  of  the  solar  parallax  and 
iUrululed  coo^tauts.  His  i^'incipal  results  are  elsewhere  referred  to, 
the  definitive  value  for  the  solar  parallax  being  8".80905  ±  0" .00567. 

Tbe  French  jibotographs  of  the  transit  of  Venus  give  for  the  solar 
parallax  the  value  8".80  ±  0".06. 

OBSERVATOBIES. 

iDformatioo  in  regard  to  the  work  going  on  at  astronomical  observa- 
toriefl  has  been  derived  from  the  reiKtrts  contained  in  the  Vierteljahrt- 
tckn/t,  in  tbe  Monthly  Notices,  and  in  Loewy's  Obaematoires  astro- 
mimiques  de  Provence,  anil  also  from  the  separate  reports  published 
by  a  few  observatories.  The  compiler  is  indebted  in  some  instances  to 
directors  of  observatories  who  have  commnnicated  to  him  directly  data 
in  rulation  to  the  institutions  under  their  charge.  When  it  has  seemed 
■woessary  to  make  a  diiitinction,  the  year  has  been  added  lo  the  note. 

Allegheny:  Laaijlen. — Work  npnn  r.ulinnt  energy  has  been  cou- 
tioaed,  and  the  time  service  has  been  maintained  as  in  previous  years. 
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ALGiEBa  :  Tripled. — A  meiidiaa  circle  of  O^.IO  (7.6  iuchea)  sod  an 
eqnatoriMi  of  (i'^,12  (4.7  inches)  bav«  been  ndileil  to  the  etiuipmenU  Ob 
ttervatioDS  bavi  been  made  upon  a  oatalogae  of  10,000  stars  in  tbo  zone 
—  16°  to  —  23°.  It  is  expected  that  the  photographic  eqaatoria)  will 
soon  be  installed.    (1889.) 

Abuagh:  Dreyer. — Observations  of  nebulae  and  pbysical  obserratiuiis 
of  Jnmter  and  SHturo;  time  service. 

Basel  :  Riggeabaek. — Devoted  entirely  to  the  instraction  of  stadents. 

Bbblih:  W.  Foerster. — Observations  with  the  transit  circle,  obser- 
vations with  the  9-inch  equatorial  of  asteroids,  comets,  and  doable  stars, 
and  with  the  small  transit  of  couipariaon  stars  and  stars  occulted  by 
the  moon. 

Besanqon:  Qruey. — Observations  of  comets ;  horology.  Tbeobeerv- 
atory  possesses  au  equatorial  coud4. 

BiRB  Oastlb:  Lord  Rotae. — Preparing  for  pablication  a  serifts  of 
sketches  of  the  milky  way;  measuresof  lunar  beat  daring  the  eclipse  of 
January  28,  1888,  have  been  reduced. 

Bonn:  ^Adn/ebi.— Zone  observations +40° to +50°  with  tbe  tnuisitj 
circle.    Bednctious  in  a  forward  state.    (1889.)  ' 

Bordeaux  :  Rayet. — Ppeparations  are  being  made  for  observing  IIm 
zone  —20^  to  —'ia^.  Tbe  ithotographio  equatorial  has  been  mooniet). 
(1889.) 

Bbeslau:  QalU — Chiefly  magnetic  and  meteorological  work.  Small 
transit  ased  for  time  service. 

Oahbbidoe  (England):  Adam». — Mr.  Newal)  has  presented  his 
25-inch  refractor  to  the  university  observatory,  aud  tbe  university 
authorities  have  voted  to  spend  about  tll.OOO  on  its  installation  near 
tbe  iiresent  observatory,  aud  to  appoint  au  observer,  at  #1,300  |>er 
annum,  to  devote  himself  to  research  in  stellar  physics.  It  is  under- 
stood that  the  work  with  this  inatruuierit  will  be  under  the  charge  of 
Mr.  H.  P.  Newall. 

Volume  22  of  the  publications  has  been  i8:3ued  aud  deals  with  tbe 
observations  from  1866  to  1869. 

Camden. — The  amateur  astronomical  society  at  Camden,  Now  Jer- 
sey, has  a  small  observatory,  with  5j-iDoh  equatorial,  transit  instru- 
ment, chronograph,  clock,  etc. 

Gaps  op  X^oon  Hope  :  QUI. — With  tbe  meridian  circle  regalar  nb 
servatioiis  have  been  made  of  the  sun,  Mercury,  Venus,  comparison 
stars,  stars  occulted  by  the  inoou,  etc.  The  heliometer  has  been  con- 
stantly iu  use  aud  much  attention  has  been  given  to  astronomical  pho- 
tography. Prof.  J.  C.  Knpteyn  has  measured  definitively  339  negatives 
of  the  plates  of  the  southern  photographic  Durch  muster uog,  covertDfT 
8,769  square  degrees  of  the  sky.  This  work  represents  489,490  obser 
THtious  of  about  193,000  stars,  or  about  63  per  cent,  of  tbe  whole  woti- 
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Dr.  Gill,  tbe  astroDomer  royal  for  the  Gape,  and  Dr.  Auwers,  of  Berlin, 
b;  taking  alternate  watches  of  observation  (June  1(1  to  August  26, 
1889)  secared  au  admirable  series  of  observations  of  Victoria,  which 
VRS  iu  an  exceptionally  favorable  position  for  determining  the  solar 
parallax.  A  large  part  of  Dr.  Gill's  report  for  1889  is  devoted  to  the 
geodetic  work  wbich  is  auder  his  direction. 

Cablexon  Colleqe:  Payne. — The  first  volame  of  publications  con- 
siat^  of  a  catalogne  of  614  comparison  stars  observed  with  the  Bepsold 
iDFridiaD  circle,  by  Dr.  Wilson. 

Catania  :  Rieed. — The  observatory  recently  fonnded  at  Catania  will 
be  chiefly  devoted  t«>  astrophysics,  photography,  meteorology,  and  seis- 
mology. It  contains  a  Merz  refiractor  of  07.35  (13.8  inches)  aperture, 
oDeby  Cooheof  O^.lEi  (5.9  inches),  aud  a  photographic  t«le8co|>c,  by 
Steioheil,  wbich  will  be  nsed  for  pbotographing  the  zone  +12°  to  +6'^. 
(1890.) 

Ghahbbblih  :  S.  A.  Howe. — The  disks  for  the  20-)nch  refractor  are 
being  worked  by  Clark,  and  the  monntinf;  is  welt  ad  vanced  at  the  shop  of 
Fanth  &  Co.,  Washington.  The  initial  publication  of  the  new  observa- 
tory is  a  report  upon  observations  of  tbe  eclipse  of  January  1, 1889. 

Dearborn  :  Sough. — An  illnstrated  description  of  tbe  new  observa- 
toiy  at  Evanstou  will  be  found  in  the  Sidereal  Messenger  for  October, 
1889. 

Dentbb. — In  addition  tA  the  working  observatory  founded  by  Mr, 
CbamberliD,  an  observatory  for  students  is  in  course  of  erection.  A 
E^JDch  equatorial  and  a  3-inch  transit  have  been  ordered. 

Dbnvbb.    {See,  also,  Gbamberlin.) 

Dbesden:  von  Bngethardt. — Observations  of  nebulae  star-clusters  and 
eomets.  Baron  von  Engelhardt  has  recently  published  a  second  part 
of  his  "Observations  Astronomiquea,"  containiug  priucipally  measures 
ti  double  stars,  star  charts,  nebnlas,  aud  comets.    (1889). 

DunsiHK:  BalL^-A.  new  reQecting  telescope  of  15  inches  aiierture 
hu  been  presented  to  the  observatory  by  Hr.  Isaac  Roberta  for  photo- 
graphic researches  on  stellar  parallax. 

Ddssbldobf:  Luther. — Observations  of  small  planets,  and  compu- 
MoD  of  tJieir  ephemerides.  Since  1847,  1,474  observations  of  172 
uteroids  have  been  made.    (1869). 

Gdinbubgh:  Copeland. — Thesit«  for  a  new  observatory  building  two 
Binntesof  arc  south  of  the  present  observatory  was  selected  in  138d. 
Cie  plans  have  been  completed  and  it  is  hoped  that  the  work  of  con- 
itnction  will  soon  be  begun.  It  is  interesting  to  note  that  though  the 
Hw  site  is  within  500  yards  of  tbe  sabnrban  railway,  the  porphyrite 
rock  of  which  the  hill  consists  does  not  appear  to  transmit  any  percep- 
tive vibration  from  the  railway  even  when  the  heaviest  trains  are 
POHiog.  Dr.  Becker  has  continned  his  determinations  of  tbe  iwsitions 
of  nebnlie  aD<l  work  in  stellar  and  solar  spectroscopy. 

H.  Mis.  129 11  Dg,i,zedi!,Googlc 
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G-EORQETOWN :  Bagen. — Observations  of  vnriable  stare  have  been 
madesfsteinaticnlly,  and  experimenta  iu  pbotograpbic  observatioiiB of 
star  transits  by  Father  Hagea  and  bis  assistant,  Father  Fargis. 

Oeheva:  Caiifier.— Chiefly  engaged  ia  testing  chronometere  and 
vatdies.  Observations  of  the  snn'and  of  comets  have  been  made  vith 
tlie  equatorial.  Dr.  Raoul  Ganlier  has  been  appointed  professor  c^ 
astronomy  and  director  of  the  observatory,  Oo).  E.  Gtaatier  retaintng 
the  title  of  honorary  director. 

Qlasqow  (England) :  Grant.    Transit  circle  observations.  . 

GdXTiNQBN:  jSchttr. — Ueliometer  used  in  measnriug  Pneseiic,  Re-  | 
iades,  and  double  stars.    (1889.) 

Gbebnwioh:  Chriatxe.—lQ.  the  report  for  1889  it  is  noted  that  the 
observations  with  the  transit  circle  by  reflexion  have  been  loacb  facili- 
tated and  improved  by  using  an  amalgamated  copper-bottom  mercnrj- 
trongh  for  the  artificial  horizon.  Tvo  photographic  objectives  liave 
been  tried,  one  of  6  inches  aperture  to  be  used  as  a  pilot  for  thelS-inch 
Btar-cliarting  telescope  stars,  and  the  other  of  4  inches  in  coDnectJon 
with  the  28-inch  refractor. 

The  auunal  visitation  lu  1890  took  place  on  Jane  7.  The  collectioD 
of  historical  iustruinents  and  the  new  photographic  equatorial  espe- 
cially attracted  the  attention  of  some  300  visitors  present.  It  is  pro- 
posed to  put  up  a  large  new  building  with  four  wings  to  reiiere  tbe 
overcrowded  condition  of  the  older  buildings.  It  is  expected  that  the 
new  l^S-inch  refractor  will  be  installed  at  an  early  day.  The  13-incb 
photographic  equatorial  was  received  from  Ombb  on  March  17, 1890, 
aud  was  mounted  and  made  ready  for  use.  Tbe  astronomer  royal  re- 
ported that  the  work  of  the  observatory  bad  proceeded  without  essen- 
tial modification. 

"The  observations  for  the  longitude  of  Paris  made  in  1888  have  now 
been  completely  reduced  and  the  definitive  results  found  by  the  French 
and  English  observers  are  respectively,  O*"  21'.01  and  9"  20*.S1.  Iu 
view  of  this  unsatisfactory  discordance  -  -  -  iC  seems  desirable 
that  the  determination  should  be  re]>eated  with  interchange  of  iostra- 
meuts  as  well  as  of  observers." 

The  1887  volume  of  Greenwich  observations  contAins  among  its  ap- 
pendices the  ten-year  catalogue  deduced  from  observations  made  from 
1877  to  1886,  Tbe  total  number  of  stars  is  4,059,  the  positious  being 
given  for  1880.  0 

Eabtabd  College  :  Fiekering. — Hiss  0.  W.  Bruce,  of  New  Yott, 
ba8n]adeagiftoft50,000  to  the  Harvard  observatory  to  be  applied  to 
the  censtrnction  and  maintenance  of  a  photographic  telescope  having 
an  objective  of  about  24  inches  aperture  and  a  focal  length  of  11  feet. 
The  figuring  of  the  lens  has  been  intrusted  to  Alvan  Olark,  who  has 
experienced  some  difficulty  in  securing  proper  glass.  The  Bacho  8-inofa 
telescope  of  similar  construction  has  been  in  constant  nseiuOambtidge 
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br  four  yesrs,  and  is  dot  id  Peru  photographing  the  southern  sby; 
TJtli  it  stsra  too  faint  to  be  seeo  with  the  IS-iocli  refractor  havo  been 
photographed,  and  a  correspoudlog  advantage  is  anticipated  from  the 
increase  of  the  apertare  to  2i  incbeB. 

Volame  17  of  the  AntMl$  is  dov  completod  and  consists  of  the  follow- 
ing papers,  which  have  been  separately  printed  and  distributed  during 
tbe  last  few  years :  I.  Magnitndesofstarsemployed  in  various  nautical 
almanacs;  IL  DiscnssioD  of  the  Uranometria  Ozouienaia;  III.  Photo- 
metric observations  of  asteroids ;  IV.  Total  e<!Ui)8e  of  the  moon,  1888, 
Janaar72S;  V.  Total  eclipse  of  the  sun,  1886,  August  29;  VI.  Detection 
of  new  nebuls  l>y  photography ;  VII.  A  photographic  determination  of 
the  brightness  of  the  stars ;  VIII.  Index  to  observatious  of  variable 
(tare;  IX.  Meridian-circle  ot>servatious  of  close  north  polar  stars;  X. 
Meridiaa-ciicle  observations  of  close  south  polar  stars. 

Volume  21,  part  1,  contains  the  observations  of  the  TSew  England 
Meteorological  Society  made  during  1836.  Volume  22  coniains  a  long 
uries  of  meteorological  observations  made  on  the  summit  of  Pike's 
PMk,  Colorado,  between  January,  1874,  and  June,  1888,  by  U.  S.  Army 
SiEDal  Service  observers. 

K&LOC3A:  Fenyi. — Physical  observations  of  the  sun.     (1889.) 

Erw  :  Whipple. — Meteorological,  magnetic,  and  solar  observatious. 

Ki£L :  Erueg«r.~~Tl\e  oatalogne  of  zone  +55°  to  +65°  has  been  pub- 
Med.    Compntation  of  the  orbits  of  comets  aud  asteroids. 

KoKlOBBBBG:  0. F.  tT.Pet^rj.— Observatiousof  zone+SS^ to +90O; 
liio  heliometer  observations  of  wide  double  stars.    (1889 ) 

EBBXfiMiiNHTBB :  Wo^MT.— Observations  of  comets  and  asteroids ; 
time  service. 

Lkipziq:  Brwu. — Ubservations  of  zone  +6<^  to  +10°;  observatious 
vith  the  heliometer ;  time  service. 

IjUnd:  MoUer. — Spectroscopic  observatious  to  determine  the  sun's 
nbtioii  period.  The  printing  of  the  Zone  Catalogue  is  in  progress. 
The  second  volume  of  Zone  Observatious,  +  36°  to  +4li°,  has  been 
published. 

Ltsn  {Ma»tachM$ettt).—Pnvat6  observatory  of  Mr.  G.  W.  Wilson. 
Lotitade  +42<'.5,  longitude  71°  west  The  principal  instrument  is  one 
of  Alvau  Clark  &  Sons'  6-iuch  ref^ctors  of  unusual  excellence. 

^roNS:  Andri. — Meridian  work;  physical  observatious  of  the  sun  and 
if  Jupiter. 

HcOoBaiicK:  ^ne. — Chiefly  engaged  in  observations  of  double  stars 
ud  nebolse.  Volume  1,  i>art  4,  of  the  Publications  contains  donble- 
*tu  measures  made  in  1885  and  1880  by  Leavenworth  and  Mnller. 

Marseilles:  AtspAan.— Revision  of  Biimber's  Catalogue;  observa- 
tMDB  of  comets,  aatennds,  nebnlte  and  variable  stars.    (1889.) 
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Melbodbne:  Ellery. — TraDsit-cirole  obBerTations,  obBMratioiie  of 
oometa  and  astroids  and  of  stellar  spectra.  The  great  reflector  boa 
been  repolished,  aud  its  performaDce  is  reported  as  improved.  The 
photographic  telescope  for  tbe  iDteruatiooal  chart  work  has  been  re- 
ceived aod  monnted.  Tbe  Second  Uelbonroe  General  Gatalogne  of 
Stars,  contaiuiag  1,211  stars  and  embod;iDg  the  results  of  obseiva- 
tiODB  made  witb  the  old  transit  circle  from  the  beginning  of  18U,  baa 
been  published. 

Milan:  Sohiaparelii. — The  IS-incfa  eqnatorial  waa  osed  for  donhle- 
Btar  measnres;  the  observations  of  Mercar^i,  18SL-'8S,  were  discosaed, 
and  tbe  rotation  period  determined.    (1889.) 

Mdnioh:  Seeliger. —yfork  on  a  catalogue  of  33,082  stars;  observa- 
tions of  comets  and  measures  of  tbe  star  cluster  in  Persens. 

Natal  :  NevUl. — Observations  of  tbe  position  of  the  moon.  There 
has  been  formed  a  manuscript  catalogue  of  abont  4,000  observations  of 
right  asceasioQH  of  zodiacal  stars  nsed  in  determining  the  places  of  Voa 
moon  daring  the  years  1883-'88.    Time  service. 

Nice:  Perrotin — Gharlois  bas  been  remarkably  successful  in  his 
search  for  new  asteroids.  Tbe  third  volume  of  Annals  contains  a  nev 
chart  of  the  solar  spectrum  by  Tbollou,  the  conclading  part  of  tbe  dis- 
cnasion  of  tbe  theory  of  Yesta  by  Perrotin,  and  tbe  observations  made 
in  tbe  years  18S7-'88. 

O'Oyaixa  :  £(mfeoIy.— Observations  of  sun  spots  and  meteors;  pho- 
tographic researches. 

OXFOBD  Univbbsitt:  Pritckard. — Experimental  work  on  tbe  ne« 
photographic  objectives  by  Grubb  has  occupied  much  time ;  tbe  par- 
allaxes of  six  more  stars  have  been  determined  by  photography.    {ISSO.) 

Paris:  Mouchez. — The  large  transit  circle  has  been  nsed  for  the  sun, 
planets,  aud  stars  of  IJalande's  catalogue ;  tbe  Gambey  transit  for  ob- 
servation of  fundamental  stars  in  groups  of  24  to  48  hours;  tbe 
Gambey  circle  for  experiments  on  flexure  and  the  determination  of 
latitude;  comets  and  nebulte  have  been  observed  witb  the  west  equA- 
torlal,  and  the  equatorial  coud^  has  been  used  in  determining  the  con- 
stants of  refaction  and  aberration.  Tbe  work  for  which  the  Paris  ob- 
servatory has  been  especially  known  of  late  years,  astronomical  pho- 
tography, bas  been  actively  pursued  by  the  Henrj'S.  The  frontispieoe 
of  Admiral  Moucbez's  report  for  1889  is  a  representation  of  tbe  great 
equatorial  coud^  of  18  metres  focal  length  aud  0.6  metre  (23.62  inches) 
aperture.  Attention  bas  been  given  to  photographing  of  stellar  spectra 
by  placing  prisms  of  22°  or  45°  in  front  of  tbe  objective  of  tbe  tele- 
scope, and  Admiral  Moacbez  bas  announced  that  spectroscopic  obser- 
vations will  form  a  regular  part  of  the  observatory  work  in  future. 

PoTSDAH :  Vogel. — Astrophysical  work,  determination  of  the  motion 
of  stars  in  thelineof  sight  by  means  of  photography ;  spectrum  analysis 
in  general ;  photometric  measures  of  large  planets  and  a  photometric 
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Darchmnaternng  of  tbe  Dortlieru  sby ;  obeervationB  of  aan  spots.  The 
oev  refractor  for  the  photographic  star  chart  is  erected  and  some  ez- 
peiiueutal  work  has  been  done.    (1889.) 

PBiG:  Sa/arik. — Donble-star  measures;  draviiifcs  of  the  tooon; 
cbiefl;  devoted  to  observations  of  variable  stars.    (1889.) 

PsAQ  [University  observatory):  Weinek. — Drawings  of  mooo;  occol- 
Utions.    Time  service.    (1889.) 

PuLEOWA :  Brediehin. — Prof.  Otto  Strave  retired  f^m  tbe  direct- 
onhip  of  the  observatory,  which  be  has  held  for  over  25  years,  and  lias 
been  sncceeded  by  Dr.  Bredicbin,  formerly  director  of  the  observatory 
at  Moscow.  Three  volnmea  were  issued  in  1889 :  Volame  8  containing 
the  catalogue  of  Bradley's  stars,  a  volame  containing  an  investigation 
by  LindemauQ  of  the  photometric  scale  of  the  Bonn  Dnrcbmnsteruiig, 
ind  tbe  third  volume,  tbe  "  Jubilee  "volunae,  with  an  historical  acconut 
rfthe  observatory  for  25  years,  a  monograph  on  the  30-inch  refVaotor,  and 
i  description  of  tbe  astropbysical  observatory.  The  volume  contains 
lereral  fine  engravings  of  the  observatory  and  30-iuch.    (1889-'90.) 

Badcliffg  :  Stone. — Transit-circle  observations  of  the  zone  0^-15°, 
tod  of  tbe  sue  and  moon. 

Rome:  Dema. — The  now  observatory  of  the  Yaticao  has  been  built 
partly  upon  tbe  site  of  tbe  old  observatory,  founded  in  1582,  and  partly 
upon  a  tower  dating  from  tbe  time  of  Leo  IV.  Special  attention  will 
be  given  to  astronomical  photography. 

BoosDON  (Lyme  Bogis):  Peek. — Observations  of  variables.  Time 
Mvice. 

Stogsholh:  QtUdi*. — Largely  engaged  in  mathematical  researches 
DpoD  orbits.  Photographs  have  been  taken  of  tbe  Pleiades  and  of  a 
i^n  extending  about  ^°  aromid  the  north  pole.    (1889.) 

Htonthuhst:  SidgreaveK. — Father  Perry,  whose  sad  death  immedi- 
Uely  after  observing  the  total  eclipse  of  the  sun  on  December  21,  22, 
1889,  has  been  elsewhere  referred  to,  has  been  succeeded  in  the  direct- 
(nbip  of  the  observatory  by  Father  Walter  Sidgreaves.  (1889.) 
Stkissbdro  :  E.  Becker. — Observations  of  comets  and  heliometer 
-  neuares  of  the  sun's  diameter ;  also  transit-circle  observations  of  tbe 

no  uid  major  planets. 
\  E^ifET:  Russell. — Transit-circle  observations,  and  with  the  11  j-inch 
I  tqnatOTia)  observations  of  comets  and  of  doable  stars.  The  photo- 
\  Crephic  telescope  for  chart  work  hns  been  mounted  upon  an  elevated 
I  nte620  feet  above  the  sea  and  11  miles  inland  from  the  present  observ- 
(  Btory.  Each  instrument  has  Us  own  group  of  accumulators,  conven- 
'  ieotly  charged  by  tbe  help  of  a  gas  engine. 

^     SUTHSONtAK  ASTBO-PHTSIOAL  Obsebvatoet  :  LangUiy.—Au  astro- 

Physical  observatory  has  been  established  as  a  department  of  the 

'  Ijiiiithsonian  lostitntion  at  Washington,  occupying  at  present  a  tem- 
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porary  bnildiDg  ta  tbe  Smithsouiao  gronods,  erected  in  1889-'90.  The 
principal  inBtrumentB  ate  a  very  \utge  siderostat  "by  Grnbh,  a  lartre 
spectro-bolometer,  special  galvaaometer,  and  resUtaoce  box.  Ue- 
Bearches  ia  tetlnric  and  astro-pliysics  will  be  carried  on. 

SWARTHMOBB  COLLE&E :  Misa  8.  J.  Cunningham. -~The  observatory 
baildiog contains  foar  rooms :  A  transit  room,  in  whicli  is  a  Siocb 
Warner  and  Swasey  transit  and  mean-time  clock  ;  a  pier  room  at  pres- 
ent utilized  as  a  sidereal  clock  room;  a  work  room  containiDg  the  cbio- 
uograph,  cbrouometer,  and  a  small  reference  library ;  and  the  dome,  in 
wbich  is  a  6-incb  Warner  and  Swasey  equatorial.  Connected  with  tlie 
observatory  is  the  aigual  service  station  of  the  state  weather  service, 
ftilly  provided  with  the  necessary  met«orological  and  other  apparata& 
(1890.) 

TA.OUBAYA :  Angitiano. — The  construction  of  the  new  observatory 
has  progressed  favorably,  tbe  photographic  department  being  entirely 
flnished  and  the  instruments  mounted.  The  photographic  eqaatorial  is 
by  Urnbb,  of  the  pattern  adopted  by  the  astrophotographic  congress  in 
1889  and  furnished  for  most  of  tbe  observatories  taking  part  in  the 
international  chart.  Among  the  minor  apparatus  added  to  the  eqaip- 
ment  of  the  observatory  may  be  mentioned  a  complete  portable  photo- 
graphic  outfit ;  a  Merz  polariscope  for  the  ISlnch  equatorial ;  a  Fritob* 
ard's  wedge  photometer  by  Hilger;  a  mercury  artificial  horizon  \fj 
Oauthier  for  tbe  meridian  circle ;  a  complete  meteorological  outfit-,  a 
petroleum  motor  and  electric  ligfat  installation. 

In  August,  1889,  two  additions  were  made  to  tbe  observatory  staff, 
Messrs.  Camilo  A.  Gonzalez  and  Qnillermo  Poga,  who  have  been  as- 
signed to  duty  on  tbe  meridian  circle.  Tbey  have  been  engaged  in 
studying  the  instrumental  constants  and  have  undertaken  tbe  observa- 
tion of  certain  stars  to  the  tenth  magnitude,  conveniently  situated  for 
reference  stars  for  tbe  zone  of  the  pfaotographio  map  assigned  to  the 
Tacubaya  observatory.  Sr.  Feli))e  Yalle  has  been  engaged  with  the 
equatorial  in  observations  of  comets,  asteroids,  and  nebulie. 

A  seriesof  daily  observations  of  sun  spots  and  focnUe  has  been  made. 
Photographs  of  the  sun  have  been  taken  with  the  photoheliograph. 
Two  parties  were  sent  out  to  observe  tbe  total  solar  eclipse  of  October 
22,  1889,  one  to  Yucatan  and  one  to  San  Luis  Potosi.    (1890.) 

TananARITO  :  Colin. — An  observatory  has  been  established  ou  a 
hill  abont  4,400  feet  high  a  short  distance  to  the  east  of  Tananarivo  on 
the  island  oT  Madagascar.  It  bas  an  equatorial,  meridiao  instrnment, 
and  photographic  telescope  for  solar  work.    (1889.) 

ToeyG  :  Teraa. — A  large  number  of  observations  of  comet  e,  1888, 
made  by  Professor  Teara  and  Mr.  J.  Midzuhara  have  been  published  as 
the  second  fasciculus  of  volume  1  of  tbe  AnnaU.    (1889.) 

Toulouse:  BaiUaud. — Thepbotograpbictelescopebaabeeamoanted. 
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United  States  Natal  Obsebtatort  :  JUcJITaiV.— Tbe  reports  of 
tbe  anperiutendenta  of  tUe  Naval  Obaerratory  sbow  do  material  ohaoge 
is  (he  ehaneter  of  tlie  work  from  the  years  immediately  precediug. 
Od  June  28, 1890,  Oapt.  F.  V.  McNair  sacceeded  Capt.  B.  L.  Pliytliian 
u  Saperinteudeot,  Capt.  McNaiHa  report  covering  the  fiscal  year  Jnne 
30,1890.  The  wallsof  the  main  buildiug  for  tbe  new  observntory  wore 
practically  completed  by  the  end  of  1890 ;  also  the  great  equatorial  and 
clock  and  observer's  rooms.  The  iron  work  for  the  three  transit-circle 
rooms  is  ready.  Tlie  bnildiogs  vill  scarcely  be  ready  for  occupancy 
befoifl  the  summer  of  1892. 

Opsala:  Dunir. — From  an  extensive  series  of  spectroscopic  obser- 
ntioDs  to  determine  tbo  rotation  period  of  the  aun,  it  appears  that  the 
period  varies  from  2S.5  days  to  3S.6  days,  inoreaaing  with  the  faelio- 
enpbic  latitade. 

ViBHKA  {von  KMffaer'a  obserratflry) :  Herz. — The  latitude  from  obeer. 
vationa  with  the  Bepsold  meridian  circle,  1889-'90,  is  +48°  1^  46" .67. 

WASHractTON  (Catholic  University  of  America) :  Searle. — A  small 
observatory  has  been  built  at  the  Catholic  University  in  the  sabarbs 
of  Washington  (D,  0.),  and  is  under  the  direction  of  Kev.  O.  U.  Searle. 
The  position  is  latitude  -^  38°  56'  15" ;  longitode  Gf"  8"  0».0  west  of 
Qreenwich.  The  telescope,  which  will  be  mounted  in  1891  is  0  inches 
^lertare,  9  feet  focus,  glaaa  and  tube  by  Clacey,  monuting  by  Saeg- 
maller  (Fautfi  &  Co.).  The  cells  and  center  piece  of  tnbe  are  made  of 
alaminam.  A  small  meridian  circle,  and  photographic  and  spectro- 
tn^io  apparatus  will  also  be  provided.  A  5-inob  tdeacope  is  now  in 
me.    (1890.) 

Washinqton.  {See,  also,  Georgetown;  also,  Smithsonian  astro- 
phyaical  observatory ;  alao,  U.  8.  Naval  Observatory.) 

Washbu&k  :  Conutock. — The  sixth  volume  of  publications  contaioa 
the  meridian  observations  of  18S7  and  observations  of  double  stars. 

Tals  :  Kewton. — The  heliometer  triangolation  of  the  region  near  the 
north  pole  has  been  completed,  and  some  observations  of  Iris,  Victoria 
ud  Sappho  have  been  obtained  in  cooperation  with  the  obaervatories 
at  the  Gape  of  Good  Hope  and  Leipsic,  for  the  determination  of  the 
mar  parallax. 

Zdbioh:  Wolf. — Physical  observations  of  the  aan. 

ASTRONOMICAL  INSTBIIHENTB. 

In  the  fourth  part  of  the  Balletin  of  the  Astro- photographic  con- 
Steas,  Dr.  H.  U.  Vogel  describes  the  photographic  refractor  constructed 
for  the  observatory  at  Potadam  by  the  Bepaolds.  This  instrument  haa 
tvoobjectivea;  eye-pieoe  aud  plate-holder  are  in  the  same  tube,  oon- 
formiog  to  the  resolntiona  of  the  congress  in  1887,  but  the  peculiarity 
is  in  the  form  of  moanting,  which  is  quite  different  fh>m  both  the  Bug- 
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lish  uud  the  French  foriDs.  The  pillar  that  snpports  the  polar  aiis  Is 
DOt  apright,  but  L-shaped,  the  lower  part  being  inclined  nearly  in  the 
plane  of  the  equator,  the  npper  almost  at  right  angles  lo  this,  extend- 
ing toward  the  north  pole  and  inclosing  the  polar  axis.  The  sapport 
possesses  very  great  stability,  and  its  form  pertnita  an  ooiDtemipted 
motion  of  the  telescope  in  all  positions. 

In  Engineering  for  December  19,  1890,  will  be  found  a  description  of 
the  Melboame  photographic  teleacope  made  by  Sir  Howard  Gmbb. 

All  inatrumeut  for  comparing  and  measariug  celestial  photograpbs, 
somewhat  similar  to  that  designed  by  Hr.  Boberta,  has  been  devised  by 
Mr.  Common. 

An  apparataa  for  eliminating  personal  eqaatioo  in  the  observation  of 
sadden  phenomena,  such  aa  the  disappearance  of  a  star  when  occnlted 
by  the  moon  has  been  devised  by  Mr.  8.  P.  Langley,  and  is  described 
in  the  Bulletin  of  the  Philosophical  Society  of  Wasliington,  vd.  xl 
The  principle  of  the  method  consists  iu  associating  a  motion,  real  or 
apparent,  of  the  object,  with  intervals  of  time  so  that  the  apparent  posi- 
tion of  the  object  at  the  iustaut  of  the  occarrence  of  any  phenomeooo 
being  noted  the  time  of  the  occurrence  will  be  Icnown.  ExperimentB 
made  with  artificial  stars  show  that  it  ia  qnite  possible  for  a  compai^ 
atively  inexperienced  persou  to  observe  an  occnltation  with  a  probable 
error  of  only  one-fortieth  of  a  second. 

The  great  Lick  refractor  of  36  inches  diameter  ia  to  be-snrpassed  bj 
one  still  larger,  ordered  for  the  Univeraity  of  Southern  California,  at 
Loa  Angeles.  This  lena  is  to  be  40  inches  in  diameter,  and  the  crown 
glass  diak  for  the  achromatic  combination  is  now  in  the  bands  of  the 
Olarks,  wbo  pronounce  it  a  remarkably  fine  piece  of  glass. 

It  may  perhaps  be  mentioned  here  that  a  bill  was  introduced  in  tbe 
United  States  Congreas  making  an  appropriation  of  (1,000,(>00  for  a 
refractor  of  5  feet  aperture  for  the  U.  S.  Naval  Ubservatory,  bnt  the 
plan  never  received  aupport  from  tbe  Government  aatronomera. 

Mr.  Brashear  has  under  way  at  his  shop  in  Allegheny  a  16-incli 
objective  for  Carleton  College  Observatory,  one  of  12  inches  for  Brown 
University,  and  a  second  of  12  inches  for  Mr,  G.  E.  Hale,  of  Chicago. 
He  is  also  making  a  large  spectroscope  and  spectrograph  for  Professor 
Young,  at  Princeton,  which  ia  expected  to  be  tbe  finest  in  the  United 
States;  a  very  complete  spectroscope  with  Jena  glass  objectives  and 
prism  is  being  made  for  Carleton  College,  and  a  new  star  spectroscope 
for  Lick  Observatory,  for  the  Willard  photographic  telescope  of  the 
Liek  Observatory,  he  is  making  an  equatorial  mounting  with  contiolled 
clock. 

MISCELLANEOUS. 

Pergonal  equation. — The  attention  of  astronomers  interested  in  the 
Bubject  of  personal  equation  should  be  directed  to  a  paper  prepared 
by  a  physiologist,  Dr.  E.  C.  Sanford,  of  the  Johns  Hopkins  University, 
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and  pnbHsbed  in  volame  2  of  the  Americau  Jonrnal  of  Psycfaology.  An 
important  contribntion  to  the  astrouomtcal  eide  of  the  subject  is  an 
iDTestigfttioii  by  Dr.  WisliceDus,  of  the  Strasbarg  Observatory,  who  baa 
Jnreetigated  the  personal  equation  in  transit  observations,  not  only  for 
a  borizoDtal  position  of  the  telescoi)e,  but  for  all  iDclioatioDS.  By  plac- 
ing a  small  convex  lens  behind  the  ocular  an  artiflcial  star  is  obtained 
vbich  ia  easily  moved  in  tbe  plane  of  the  reticnle  with  a  velocity  corre- 
^Qcling  to  any  declioatioD.  Dr.  Wislioenas  coDclndes  iirotn  his  expeil- 
meote  that  the  inclination  of  the  telescope  has  a  considerable  effect 
npon  the  observer's  personal  equation. 

One  of  the  edsays  contributed  to  the  celebration  of  the  Polkova 
Jabilee  was  a  discussion  of  absolute  personal  equation  by  H.  O.  van  de 
Sasde  Bakhnyzen.  Tbe  artiflcial  star  observed  was  the  meridian  mark 
of  tbe  transit  circle,  to  which  an  apparent  motion  was  giveu  by  inter- 
podng  a  prism  fixed  excentrically  to  a  circular  rotating  plate.  Very 
ntiafiutory  results  were  obtained.  The  personality  depending  upon 
directwoof  apparent  motion  seemed  to  be  generally  small  for  seven 
obeerveis  who  tried  the  apparatus. 

ABTBOHOinOAI.  S001ETIB8. 

Tke  Antronomieal  Society  of  tke  Paeifie. — Fnder  the  leadership  of  Pro- 
fessor Holden  and  the  astronomers  at  the  Lick  Observatory  the  Astro- 
nomical Society  of  the  Pacific  was  founded  February  7, 1889,  as  a  result 
of  the  cordial  codperatioD  of  amateur  and  profesaional  astronomers  in 
w«»s8fully  observing  the  total  solar  eclipse  of  tbe*preceding  New 
Teal's  day.  Any  person  interested  in  astronomy  is  invited  to  join  its 
Bembersbip.  Three  meetings  each  year  are  held  in  Sau  Francisco  and 
tliite  meetings  at  Mount  Hamilton.  An  excellent  series  of  publi- 
tatioDs,  in  octavo  form,  issned  at  irregular  intervals,  has  reached  the 
Kcood  volume.  These  "  publications  "  contain  papers  read  before  the 
■ociet;,  and  also  notices  Irom  the  Lick  Observatory  prepared  by  members 
of  the  observatory  staff.  A  fund  has  been  established  known  as  the 
"Oonohoe  fond  for  the  maintenance  of  tbe  comet  medal  of  the  Astronom- 
i<al  Society  of  the  Pacific,"  the  principal  conditions  of  the  gift,  a  medal  of 
broQzp,  being  tbe  discovery  of  a  new  comet  or  tbe  first  precise  deter- 
miDfttioTi  of  position  of  a  periodic  comet  at  any  one  of  its  expected 
retnmti.  The  discoverer  ia  to  make  bia  discovery  known  in  tbe  usual 
*ar,  and  also  to  communicate  it  immediately  to  tbe  director  of  the  Lick 
Observatory.     No  application  for  the  bestowal  of  the  medal  is  required. 

Tkt  Britith  A»tronomieal  Association. — A  new  astronomical  society, 
lobe  called  the  Biilish  Astronomical  Association,  has  been  formed  in 
England  to  meet  the  wishes  and  needs  of  those  who  find  the  subscrip- 
tJon  of  the  Boyal  Astronomical  Society  too  bigh,  or  its  papers  too  ad- 
nnced,  or  who  are,  as  in  the  case  of  ladies,  practically  excluded  fWtm 
o^coining  fellows ;  it  is  also  to  afford  a  means  of  direction  and  or- 
S^nintion  in  the  work  of  observation  to  amatenr  astronomers.    The 
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new  society  is  thus  to  be  regarded  as  aupplemeatarj  to  the  older  odb, 
and  Dot  its  rival.  The  first  geoerol  meeting  was  held  on  October  2i, 
1890,  Id  the  hall  of  the  Society  of  Arts,  Adelphi,  Loudon,  aod  the  offi- 
cers Domioated  by  a  provisional  oommitte  ^  were  elected,  Capt  W. 
Noble  being  made  president.  The  sections  ander  which  the  work  of  ob- 
servation is  organized  are :  Meteoric,  solar,  lunar,  speotrosoopic,  aod 
photographic,  colored  stars,  variable  stars,  doable  stars,  and  Jopiter, 
each  seotton  being  presided  over  by  an  amateur  astronomer  whoUas 
devoted  special  attention  to  the  subject  named.  The  first  number  of 
the  Joaroal  appeared  in  October,  1890,  under  the  able  editorship  at 
Mr.  E.  W.  Maunder. 

QetelUchaft  Urania. — The  building  forming  the  headquarters  of  the 
Gesellschaft  Urania  was  completed  in  July,  1889,  and  is  deecribed  at 
some  length  by  Dr.  M,  W,  Meyer  in  the  February  and  March  unmbera 
of  Himmel  und  Erde.  The  Gesellschaft  is  for  the  purpose  of  popnlar- 
izing  science.  The  chief  astronomical  instrnmeut  is  a  12-inch  retivctor 
by  Bamberg,  the  glass  for  which  was  made  by  Schott  &  Co.,  of  Jmia. 
There  are  also  a  C-inch  and  a  i-inch  refractor,  a  6-iDch  reflector,  a  2j- 
inofa  transit,  and  a  5-inch  comet-seeker.  These  iustruments  are  for  the 
use  of  visitors,  and  for  cloudy  nights  a  collection  of  700  lantern  slides  is 
provided. 

The  thirteenth  meeting  of  the  Astronomische  Gesellschaft  was  held  at 
Bmssels,  Septembr  10  to  12, 1880.  The  next  meeting  is  at  Munich  in 
1891. 

AsU-onomical  prizet. — The  Iialande  prize  of  the  French  Academy  of 
Sciences  was  awarded  for  1889  to  M.  Qouneaoiat  of  the  Lyons  observa- 
tory, the  Talz  prize  to  Charlois,  and  the  Janssen  prize  to  Lockyer. 

In  1890  the  Lalande  prize  was  awarded  to  Sohiaparelli  for  bis  obser 
vations  determining  the  rotation  of  Mercury  and  Venus,  the  Valz  prize 
to  Glasenapp  for  his  determination  of  the  orbits  of  double  stars,  and 
the  Janssen  prize  to  Young.  The  Damoiseao  prize,  for  which  bat  one 
memoir  was  presented,  was  continued  for  another  year  with  the  same 
subject:  To  perfect  the  theory  of  the  inequalities  of  long  period  caused 
by  the  planets  in  the  motion  of  the  moon. 

The  Copley  medal  of  the  Royal  Society  was  awarded  on  November 
20, 1890,  to  Professor  Simon  Newcomb  for  his  contribntions  to  gravita- 
tional astronomy. 

The  lirst  award  of  the  Donohoe  mednl  was  made  to  Mr.  W.  R.  Brooks 
for  the  discovery  of  a  comet  on  March  19,  1890;  tbe  second  to  Mr.  W. 
F.  Denning  for  his  comet  of  Jnly  23, 1890,  and  the  third  to  Monaienr 
JSr6me  Goggia,  astronomer  of  the  obaerratory  of  Marseilles,  for  his 
discovery  of  a  comet  on  July  18,  1890,  this  being  the  eighth  comet 
discovered  by  M,  Ooggia. 

A  geoerons  gift  has  been  made  in  aid  of  astronomical  research  by  Min 
C  W.  Bruce,  of  New  York,  who  placeil  in  the  hands  of  Professor  Picker- 
ing, director  of  the  Harvard  Observatory,  (6,000,  In  answer  to  a  oircnlu; 


iiizedbv  Google 


ABTROKOMY   fob    1889,  1890.  171 

iBMied  by  Professor  Pickering,  nameroas  requeats  were  received  Tcraid 
^m  tbis  fund,  and  rarious  snma  were  awarded  by  Professor  Pickering 
90M  to  aid  as  vide  a  range  of  astronomical  sabjecta  ns  possible,  and  to 
aid  inreBtigatora  in  all  parts  of  the  world. 

Among  new  works  of  general  interest  to  astronomera  may  be  mea- 
tioaed  Miss  Gierke's  "Tbe  System  of  the  Stars;"  a  now  edition  of 
Chambers'  Astronomy  in  three  volumes.  The  first  two  volames  of  an 
ible  "Trait4de  mScaniqae  celeste,"  the  first  containing  tbe  general 
theory  of  pertarbations,  and  the  second  on  the  figares  of  rotation  of 
celestial  bodies ;  these  are  to  be  followed  by  a  third  volume  od  the  lunar 
theoiy,  theory  of  Jupiter's  satellites,  Hauseo's  method  for  the  calca- 
latioD  of  pertorbations,  and  other  methods  of  recent  date.  Another 
TDik  which  has  been  found  asefnl  as  a  text-book  is  Dziobek's  Die 
wtitnatigehen  Theorien  der  Plancton-Bewegaogen. 

Dr.  Scfaeiner  has  pablished  a  treatise  on  apectmm  analysis  which  is 
intended  to  form  tbe  first  volame  of  complete  work  on  astrophysics. 

The  first  volume  of  the  national  edition  of  the  works  of  Galileo  baa 
appeared  under  the  patronage  of  the  King  of  Italy. 

Dr.  Dreyer  has  pablished  a  biography  of  Tycho  Brahe  upon  which 
he  has  been  at  work  for  several  years  past. 

A  very  interesting  paper  on  Bowditch,  who  translated  Laplace's 
"H^oiqae  Celeste,"  has  been  contribnted  by  Prof.  Joseph  Loveriug 
to  tbe  Proceedings  of  tbe  American  Academy  of  Sciences. 

Ad  index  to  the  literatnre  of  spectroscopy,  compiled  by  Mr.  Alfred 
Tnckerman,  has  been  pablished  in  the  Smithsonian  Miscellaueons  Ool- 
iMtioDS.  It  contains  s  bibliography  of  the  history  of  the  subjects  ;  of 
Wkg;  of  apparatus;  of  spectrum  analysis  in  general ;  of  qualitative 
wabaiB;  of  qaantitative  aoalyeis;  of  absorption  spectra;  of  alkalies 
and  alkaloids;  of  astronomical  spectroscopy;  of  oarboucompoanda,aod 
otthe  spectra  of  metals ;  there  is  also  a  list  of  799  authors.  Tbe  nnm- 
Woftitlea  is  3,829. 

Aaother  useful  contnbatiou  to  astronomical  bibliography  is  the  cata- 
lopieof  the  Crawford  Library  at  the  Eoyal  Observatory  at  Edinburgh, 
pRsented  to  the  observatory  by  the  Earl  of  Crawford,  and  formerly 
cooatitutiug  the  library  of  the  Dun  Ekiht  Observatory.  The  catalogue 
*>s  compiled  by  the  present  astronomer  royal  for  Scotland,  Mr.  Cope- 
Udi],  and  contains  a  number  of  rare  works. 

Keference  should  also  be  made  to  a  new  edition  of  M.  Lancaster's  nse- 
'o'  little  Liste  girt&raU  dea  oinervaioires,  appearing  in  1890  with  many 
■Editions  and  corrections. 

ASTRONOMICAL  BIBUOQBAPHY  FOR  1HS9. 

A  brief  bibliography  of  astronomy  for  the  year  1890  having  been  con- 
tfibated  to  tbe  Sidereal  JUetaenfier  for  1891,  it  seems  unnecessary  to 
cover  more  than  the  year  1889  in  the  present  review.  The  titles  given 
Iwlow  include  the  most  important  books  and  joarnal  articles  of  1889,  that 
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h»Te  come  ander  the  compiler's  notice,  some  few  titles  having  been  takBn 
from  reviews  or  catalogues,  where  the  poblications  themselves  have  oot 
beeu  accessible. 

In  the  reference  to  periodicals  the  volume  and  page  are  simply  sep- 
arated by  a  colon ;  thas :  Astron.  Jonr.  8:163  iodioates  volnme  8,  page 
163,  of  the  Astronomical  Journal.  The  following  If  bb  obvions  abbrevia- 
tions occar ; 


AbBtr.  =  AbslTftot. 

n  F.=  neue  Fo1f[«. 

Am.  =  AmeriokD. 

&.«.=>  Dew  Mriea. 

Bd.  =  Band. 

Not.  —  Notioea. 

d.  =  di,  der,  del,  etc. 

Obavy.  =  Obierratory. 

ed.  =  editiOD. 

p.  =  p»ge. 

Hft.  =  H«ft. 

pI.  =  pUt«i. 

11.  =  illiiBtrftted. 

pt.=p«t. 

j.JoDr.  =JoiitDal. 

r.  =  Kale. 

k.  k.  :i^  kalaerlieb,  hooigllch. 

Roy.  =  Review. 

Lfg.  =  Liefenmg. 

B,   =BBriM. 

U.  —  Uarks. 

n.  d.  =  no  date. 

Tol.  =  volumes. 

NECROLOGY  OF  ^hSTRONOUEES  FOR  1889-'90. 

Biographical  sketches  of  most  of  the  following  astronomers  are  to  be 

found  in  the  colnmns  of  the  Agtronomiaehe  Naohrichten,  in  the  Fierfcl. 

jahrgchri/t,  der  AttronomUchen  OetellMha/t,  or  iu  the  Montkly  Nbtuetof 

the  Koyal  Astronomical  Society. 

Adolpb  (Carl).  Born  at  Noidateniinen,  HanOTer,  April  ft,  1836;  died  Jannurll 
1890. 

CicciATORE  (Oabtamo).  Born  at  Palenuo  Haroh  17, 1814 ;  died  at  Palermo  Jnnelfi, 
1889,  at.  75. 

Dk  LaRob  (Warbbn).  Born  at  Gnemse;  Jaoaar;  18.  1816;  died  April  19,  ISB, 
at.  74. 

Ebck  (Wkktwobtb).  Bom  in  Dnblio,  1827;  died  at  SlierriiiKton,  Wieklow,  Jan- 
uary 15,  1890,  (Ttua. 

li'EARNLET,  (Carl  Pbkderik).  Bom  at  FradoriksbaJd  December  19,  1813;  died 
ADgiiBt22,lS90,  i>t7^. 

FiRVEZ  {CnABiES).    Di©d  Febmary  2, 1890,  at  4S. 

MoNTiosY  {C.  M.  v.).    Died  at  Schaerbeck,  March  16, 1890,  art  71. 

Nbwall  (ROBKRT  STiRLtNO).  Bom  in  Dandee  May  27,  1812;  died  April  31,  ISeft 
«1,77. 

OOM  (FRiiDEiuco  AUOUBTO).  Bom  at  LiHbou  December  4, 1830 ;  died  at  Lisbon  Jnlf 
21,  IHSO,  sieo. 

Prrrt  IStepurn  Joseph).  Boru  in  London  Angnst  2C,  1833 ;  die<l  at  aea  near  Dm- 
arara,  December  S5, 1889,  mt.  56. 

Peters  (Curistiam  Hrinbicb  Fribdrich).  3oni  at  Coldenbllttel,  Scbleawig,  Sep- 
tember 19,  1813 ;  died  at  Clliiloo,  New  York,  July  19, 1890,  <tt.  77. 

Respighi  (Lorenzo).  Born  at  Cortemaggiore,  Pracenza,  October  7, 1824  ;  died  at 
Rome  December  10,  1889,  at.  75. 

Dg.l.zedl!,GOOglc 
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BoiEHBEBaut  (Orro  Adoubt).    Born  atTubkam,  Bnsaia,  Aagnal  10,  lUOO;  died  at 

Httle  JaDau7  SB,  1890,  al.  90. 
ScHULn  (HiMMAN).     Bom  at  Nysvarn.  Sudermaaland,  JdIt  7,  1B23 ;  died  at  Stock- 

b«lm Maf  8, 1890,  at.BT. 
TDiraL(EBHn'  WiLHBLJt  Lbbbrkcrt).     Bom  at  Nieder-KaneradOTf,  Saxony,  De- 

rambcr 4, leSl ;  died  at  Aroetrl  Harah  16,1489,*  al.Se. 
ViLD  (Altbed).    Bora  Anffust  5, 1823;  died  at  Orabamitown  Jnly  34,  1890,  at.  67. 

ASTBOKOHICAL  BIBLIOGRAPHY,  1889,  1690. 

AiteraldW. 

Bbvant  (B.)    Orbit  of  the  planet  @  Sappbo.    Astroo.  Noobr.,  121 :  321-.13. 
— .    Otblt  of  planet  @  Sappbo,  tbe  Mcalar  perturbalioD  of  tbe  minoT  plaoeti 

npoD  eletneote  of  that  orbit,  and  the  maas  of  planet  Jnpiter.     Astrou,  Jonr., 

8:  185-9. 
K]Biiroi>i>(D.)    IneliDatiou  of  tbe  aateroids.    Sid.MeB»..8:  305-7. 
LiHHANN  (P.)    ZasamiiiensteltDog  der  Planeten-Entdecknogeu  im  Jabre  1888. 

TrtljMtbr.  d.  astroQ.  Gesellscli.,  34 :  4-4. 


Morton  (E.  J.  C.)    Heioea  of  science.    ABlTonomers.     8+341p.    ISnio.    London 
and  New  York,  [1889]. 
Attronomlcal  Society  of  the  Paolfio. 

CBr-LAWs,  etc.    Society  organized  Feb.  7, 1889.]    Pab.  MtroD.aoc.  PoclBo  1 :  1-7. 
HmiKQ  of  tbe  AatronoiniDal  Bociety  of  the  Pacific.    Sid.  UeN.,  8 :  3S8. 
ActroDomr. 

Ball(R.  8.)    Elenenta of  aatronomy.    Newed.    4+4S9p.    12mo.    London,  1889. 
HoLMN  (E.  S.)    List  of  tbe  principal  astroDomical  Joarnals,  transactioDB  of 

•ocietiea  and  booka  of  reference.]     Pab.  astron.  aoo.  Pacific  1:  15.     1869. 
— .    Work  of  an  aatrononiical  society.    Pab.  astroo.  sou.  Pacific  1 ;  9-15.     1869. 
Paikbk  (W.  H.)     Familiar  talks  on  astroDomy,  vith  ohapters  on  geography  and 

aavigation.    13+364  p.    13°.    Cbioago,  1889. 
PoSTXR  (J.  O.)    Oar  celestial  home.    An  astronomer's  view  of  heaven.    116  p. 

IGmu.     New  York,  [18B9]. 
Ll8KA{W.)    Lebrbncb  dei  aphiiriBcbeD  nnd  tbeoretiecben  Astrooomie  nnd  der 

niatbeaiatisoben  Geographie.     12+380  p.,  1  pi.    Svo.     Stuttgart,  18B9. 
VocKG  (C.  A)    A  text-book  of  general  attronomy,  for  colleges  and  scientifio 
•chooh).     Svo.    Boston,  1889. 
Aattonomy  (Bibliography  of). 

HoozKao  (J.  C.)    Bibliographie  g^n^rale  de  I'astronomie. 
Atronomy  (History  of). 

BsBTiN  (G.)    Babylonian  astronomy.    Natnre40:  337,385. 

El>mfQ(J.)   AstTonomisohea aos Babylon.   190p.  11.    8vo.    Frihonrg-en-BriBgan, 

ifm. 

AMiiMioiiiy  (Progress  of), 

Flammarion  (C.)    Les  piogr^  de  I'aatroDomie  pendant  I'anniSe,  1888.    L'Astron. 

8:  lda-74.     18«9. 

WiKLocK  (W.C.)    Ac<»ant  of  the  progress  in  astronomy  in  the  year  1886. 
Smithsonian  rept.  ISBO-'B? :  991-87.    aUo,  Eepriot. 


HiLPiKBR  (J.)   L'inflnence  de  la  pression  de  I'air  snr  la  marche  des  cbronomi)tres. 
23  p.    I'JtDO.    KencbAtel,  1889. 

Erpr.  fnm :  BolL  Soe.  d.  tc  nkt.  de  Nenchitel,  17. 

*  Erroneeaily  given  as  18^  in  the  Review  of  Astronomy  for  18a7-'ai.  , 

.trOOglc 


174  A8TB0N0MY   FOE  1888,  189a 

Comat  WiniiAOka. 

VOM  HAKnoTL  (E.)    Bahn  de«  petiodisclien  Romataa  Winnecke  in  dan  Jahreo 
185(f-'ee.    II.  Then.    3S  p.    4tD.    WieD,  188£i. 
Com«t  1867  m. 

Broch(P.)    BabDbmUnnnang  ilea  Comatea  1867  III.    Sitzimgab.  d.  k.  Akad- 
d.  WiMenscb.  in  Wieo,  97.    2.  Abtb.    Alio,  cbttr. ;  Astron.  Ntwiir.,  HI:  353-«. 
Comet  1880  V. 

Bkbhb  (W.)  aud  Phillips  (A.  W.)    Orbit  of  Swift'a  oomot  ISBO  V,  dotarmined  by 
Oibba'a  vectormetbod.    Asliou.  Juur.,0:  113-181. 
Comet  1887  I. 

Oppbnhbiu  (H.)    Definitire  BcBiiuiDiuii);  der  Babn  dea  groMen  SUdcamston  1837 
I.    AiitroD.Nachr.,  131:  337^.42. 
Comet  1889.  Jan.  15. 

Barnard  (E.  E.)    Search  for  tbe  ootnet  reported,  1689,  Jan.  15,  by  Mr.  Bcooka. 
Attron.  Jour.,  8 :  Hi8. 
Comet  1889  V. 

.Barnard  (E.E.)    CompanionH  to  oometd  18d9(BnK>ka).    Aatroo.  Jour.,  0:  77-7». 

.     CoiupanioDB  to  comet  d  IScS  (Brooks;.     Sid.  Meaa.,  8 :  360-63. 

.    A  verj  rematkaljle  oomet.    Pal),  aatroo.  soc.  Pacific  1:  7*2. 

CUANDLBR  (S.C.)    Action  of  Jupiter  in   It!^  npon  comet  d  19^,  and   the   iden- 
tity of  the  latter  with  Leiell's  comet  of  1770.    Aatron.  Jonr.,  Ih  100-3. 
Cometa. 

Bredicbin  (T.)    Qne)«|uea  mota  snr  I'origlDe  dee  com&tee  pririodiqoea.    Aatroa. 
NBebr.,120:  331.    1869.    Atw:  Bull.  Soo.  imp.  d.  uat.  d.^  Moacuii,  1689,  No.  i. 
Callandrku   (O.)     Tbterie  dea  com^tce  p^riodiqaea.    64  p.     4to.     Pnna,  l!fi9. 
BtfT-from.-  Aao.  ob*.  il.  Pu.  ID. 

CoMBTAKY  diacoveriea  durinit  tbe  years  ISiO-'^S.    Obsry.,  13:  43&. 
Dbnninq(W.F.)    Notes  on  comets  and  oomet  aeeklDg.    ObHry.,l£:  2S6,SaD,311, 

349,372,403,433. 
Kiibutz(H.}     Bericht Uber Cometen.     Trt|JBcbr.d.aBtroD.QeBe]l8ch.,84  :  390-4. 

1669. 
Havnder  (E.W.)    Comet  ietf7  laDdoomeUry  Mils.    Ob8ry.,13:  7(M. 
ScBui-uoF  (L.)    Notes  aai  qnelquea  com^tes  k  oonrte  p^riode.    Bull,  astron.,  6 : 

465-71. 
TisSBKAND  (F.)    Tbforiede  la  capture  des  com^tee  p^rlodiques.    Bnll.  aartroo.,6: 
241,289. 
Comets  of  1B88. 

Krbdtz  (H.)    Zusammenstellnng  der  Cometea-Erscheinnngeu  dea  Jahrea  1^8. 
Vrlljscbi.  d.  aatron.  GeeeltBoh.,24 :  B-17. 
Compnting  Mschlaea. 

Babbagb  <H.P.)     Babbage'e  calcniatiog engines  .  .   .  8+342+3  p.  il.    poitr. 
pi.Lond.,tbe9. 
Corona  (Solar). 

Abkby  (W.  de  W.)  and  TnoRPB  (T.  E.)    Determination  of  the  photometric  in- 
tensity of  the  coronalliglit  .  .  .  eclipse  Ig66,Aog.  28-29.    Phil.  Trans.,  36:t-tH. 
18R9. 
BiflBLOW  (F.  H. )    Solar  corona  discusaed  by  spherical  harmonica.     S2  p.,  1  pi. 
4to.    Washington.  1869.  •  . 

SiDltbwiilsii  pnbllcatiOD  No.  Ml. 
Coamogony. 

Croll(J.)     Stellar  evulntion  and  its  relatione  to  geological  time,    ll+lli^  p. 
13mo.     New  York,  1489. 

Rn.  by  FoKlcr  (A.J    NMnruMilM. 
HiKN(0.  A.)    Conatltntion  de  reapaoe  celeste.    332  p.,  1  pi.     4to.     Pari  a,  1889. 
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Cwiboni  OtwarratorV' 

Hough  (G.  W.)    New  DAftrlKirii  Olwerntor;.     11.     Bid.  Heas.,  H :  34MH. 
IhLtRm  (Vfturtm)  ilSlH^'m]. 

HuGOiKS  (Maboaret  L.)    [Obitiukry  notice  .  .  .]     Olwry.,  11! :  344-{>0. 
Doabla  BUr*. 

Clxskk  (&.  H.)    New  doable  attn.     Nituta  41  :  IJ3. 
Eutt. 

Caluhuhiau  (O.)    Uemftrqnoa  sur   la  thforie  de  la  flgureile  1b  terra.    Ball. 

artroQ.,  H  :  183-92. 
HowM(H.  A.)    Edrth  tremun.    Sid.Mee*.,  8  :  446-49. 
PoiiccarA(H.)    FJKiire  de  )a  tern.     Ball.  natroD.,  6 :  5,  49. 
SciiUPARiLLi  (O.  V.)    fiolallon  de  1b  teire  soae  lUaflaeaoe  des  ootioDs  ){£olo- 

giqaet.   32  p.     8vo.     81.-P«terabonTg,  18d9. 
Woodward  (B.    6.)    Tbe  .niBtbonialioal    tbeorie*    of  tlie   iiBrtb.     2:1  ]i.     Svu. 
StXam,  1889. 

AddnuHTlHt-piHUaDtafaoot.  A,  Aracr.  Ah.  Ado.  So,,  ToroDlo,  IBS. 

Bwet. 

Satss  de  U  nte  de  paqoen  .  .  .  llo82-22MI].     L'Aatroa.H;  ilH.     1W<9. 
Ee%M  of  the  Son,  18B6,  Angnst  28-29. 

PiCKBUNo(W.  H.)    TotBl  eclipee  of  tbe   Bud,  Anjcoat  29,  lri86.     Add.   Harv. 
ColL  Obary.,  18:  85-111.     (v.  18,  no.  &.)    4  pi.     AUo,  Eepriut. 
Bc%w  of  tbe  ana.  1889,  Jaanmtj  1. 

BoLDBH  (E.   8.)    [PrelimiDar;  report]  ou  tbe  solar  eclipse  of  Januar;  1,  1889. 

il.    Obn?.,  12:  130-4. 
Rbtobts  od  tbe  obeervBtione  of  tbe  total  eclipse  of  tbe  Siid  of  JBDoary  1,  IS80, 
pablUhed  by  tbe  Lick  ObeervBtoiy.     10+21U  p.    il.    8vo.     Sacranieiilo,  leB9. 
PicuKINQ  (W.  H.)    [Pbotograph  of  tbe  ooroau  taken  duriag]  tbe  total  solar 

eclipMof  Janaary,  iau9.    Bid.  Hes«.,8:  3:t7-39. 
ToDD(D.P.)     Pfiotograpba  of  tlie  corona  .  .  .  [witb  notes  ou  the]  stTocture  of 
the  corona.     10  p.,  2  ]>!.    4to.     Washington,  1889. 
auiUuoBiu  pnblioAtloo  SO.  tK. 

Saltpu  of  the  Sun,  1889,  December  21. 

HoLOKK  (E.  B.)     Lick  Obaervatary  expeditioo  to  observe  tbe  solar  eclipse  of 

December 21,  1689.     Sid.  Hess.,  8:  339-41. 
Bncke  (J.  F.)    Geasminelte   matheioatieobe   iiud    astroDomiscbe    AbbandlnoKen. 

3.  Band.    AatroDomiscbe  aod  optisoheAbbandlaogeo.    158  p.    8t'o.    Berlin, 


an)  [1827-'B8]. 

Lkvitzky  (G.)    Todes-AnzeiKe.     AstroD.  Nachr.,  120:  319. 
Owdesjf, 

GoRB(J.  H.)    Bibliof^raphy  of  geodesr.     Bept.  U.  S.  Coast  aud  Geod.  Surv.  1887: 
313-512  (Bept.  1887,  App.  16).     Alio,  Beprint. 

HnTDd  College  Obeervatory. 

PiCKBBixa  (E.  C.)    Tbe  Brace  pbotograpbic  telescope.     I  p.     4to.     Cambridge, 
1*B. 
t     FicBBBiHG  (B.  C.)    [Ciroalar  •bowin;:  tbe  need  for]  a  large  pbotugraphio  tele- 
scope.   4  p.    4la.    Ombridge,  1888.  -  AUo:  6id.  Hesa.,  6:  :I04. 
Bad«m(Artiflci>l). 

HailhatC— .)    Noavoan  bain  de  mercnTs,  perfoctionn^.    L'Astruo.,  6:  107.   1889. 


UncASTXit  (A.)    Notes  biograpbiqnes  sar  J.  C.  HaaMaii.     120  p.,  portr.     Brn- 

uUeswieeo.  C^ooglc 
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Bajgbanm  (C.) 

(EuvftBs  oompUtea  .  .  .    Tome  3.    6-1-639  p.,  I  pi.     Lft  Hsgne,  13)9. 
Jtqdtar  (BktellitM  oO- 

DowinKo  (A.  H.  W.)    [GlaMnRpp'a diwiusioii  of  ecUpaea  of  Jnpiter'f  nlelliln.] 
il.     Olwry.,  12:173,2:0. 
Jnpttar. 

Barnard  (E.  E.)    ObservfttioDS  .  .  .  nith  a  5-iucli  refnuMor  dnriDg  tlw  jtm 

1879-iei;)6.    il.    Pnb.  aatroD.  soo.  Paciflo,  1:  89-111. 
Flammarion  (C.)    Le  moDde  de  Jupiter,     il.     L'aatron.,  6:  361-401.     im. 
llOLDBN  ( E.  S. )    Dnwinga  .  .  .  mwle  with  Uie  36-inch  eqaatoml  at  Wasblng- 

loD  daring  1K75,     il.     Pub.  MiroD.  aoc  PaciBo,  1:  111.     1889. 
[L'OCCULTATION  do  Jupiter.     1689.     Auk.7.]    il.     L'Aslrou.,  8:  32S. 
Tbrbv  (F.)    [Structarede  la  bande  nord  ^uatorialede  Jupiter]  4  p.  il.  ('*- 
Briixelles,  1889.    Bull.  Aond.  ro;.  de  Bulg.,  3.  a.,  18,  dos.  9,  10. 

.     Same.    6  p.    il.    Svo.    Uruxellee,  1890.    Ball.  Acad.  ro;.  dt  Belg.,3->', 

18,  No,  U,  1889. 
Williams  (A.  S.)    ZenoKraphlosI  rragmeutB:   the  Diptions  and  chaugM  of  the 
markiage  on  Jupiter  during  ]o86-87.     118  p.,  9  pi.     8vo.    London.  ItM, 
JopiUr  (Orbit  of). 

Hill  (G.  W.)    Levetrler'B  detormioation  of  the  second-order  tenns  in  theMcatv 
inotionB  of  ttie  ecceutricitieB  and  peribelia  of  Jnpiler  and  Satanu    iWno* 
Jour.,  9:89-91. 
Karlamlie  Obaarrmtoiy. 

VBROFPBNTLiCHUNaEN  .  .  .     Heft  3.    6+204  p.,  3  pi.     4to.     Karlnube,  1M9. 
Ton  Knffii«r  Observatory. 

PUBLICATIONKN  der  Von  KafTner'scbeu  Sterawarte  iu  WIen.     I.  Band.    81T  f^  U 
pi.    4to.    Wien,  IStfli. 
Le  Verrier(U.  J.  J.)    [1811-77], 

8TATUK  ...  ft  I'obeervBtoire  de  Paria,     L'Aatron.,  8 :  281.     1889. 
Uck  ObMTvatory. 

HoLDBN(E.B.)    L'obeerratnire  Lick.     il.     L'Aatran.,8:  241,305.    1889. 
Lunar  theory. 

Franz  (J.)   Die  Konstnuteo  der  pbyaincben  Libration  dee  Mondea,  abgelietetw 
SchlUter'B  Beobacbtaugen.    Kooigelierg,  1889. 

An.  bf  B|4dia)  (R.)    Ball.  Mtrou..  « :  3M-HI. 

MoConnick  Observatory. 

Pdbucationb  ...  v.  1,  pt.  4.     Dgnble  stars.     1885-86,     [51  j  p.    Svo.   Univ.  of 

Virginia,  1B89. 
Mara. 

Flammarion(C.)    Cbangementa  aotnellement  observes  A  Usarface  dolaplu^ 

Mare.     il.     L'Astroo.,  M:  aW,  2tf5.     1889. 
.     Observations  de  Han  fattea  ii  I'observatoire  Liclc  ...     il.     L'Aatimi., 

8:  180-84.     1889. 
Okiuoxv(P.)    Lite  mar^ea  sur  Mars.    L'aatroo.,  8:  381-8.    1889. 
Hr olden]  (E.  e.)    VaHatious  of  tbe  aarface  of  Man.    Pub.  aatron.  aoc  Pacific, 

1:  122. 
Mac  Coll  (H.  )    A  joiimer  to  tbe  planet  Mara.    Nature.    London,  I88!l. 

Ktv.  bj  Qntorj  iK.  A.i    Matun,  W:  »l. 
Mbisel(F.)    Versncb,  die  Verduppelung  der  auf  der  Maraoberflaohe  beobaelit*- 

teii  Liuien  naf  optisohen  Wege  zn  erklaren.     Astros.  Nachr.,  121 :  371. 
KouvRLLBS  dioonvertea  sur  Mara:   canauz,  lacs  et  mors  dMoubl^     iL 

troD.,9:  401-11.     1890, 
Schraparblu  (O.  V.)    Sur  In  pluo^te  Mara.     il.     L'Antron.,  8:  19,  42,  89, 1^ 
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■  (CelMtialj.  • 

TiBSEiuND(F.)    Tralt^dBnicftDiqaeodleste.    Tome  1.   474p.    4to.    Pui8,I880. 
Traxteb  (R.  p.)    PriDoipleaof  meobanica  a*  applied  to  tbe  aolar  sy steai.    70  p, 
JL    Hvo.    Sbq  FrancUoo,  1889. 
Msteon. 

Bredichei  (T.)    Qnelqiiea  propri6tM  remarqaables  des  oonraots  mdl4ariqQeB. 

Vrtljacbr.  d.  astron.  QoMllach.,  34 :  27^11.     IS^. 
Dexmno(W.F.)    Detorroinalion  of  attenuated  mateor-streania.  Olwry.,  12:182. 
KuiBBB  (J.)    Petite  bUtoire  des  titoilee  fila»t«a.     L'Astron.,  8:  413.     1889. 
LocKTBR(J.  N.)    NotesoD  meteorlteH.     Nature,  39:  402;  40:  136. 
HoNCK(W.  H.  6.)    Ueteon  and  meteoiites.     Sid.  Mbm.,  8:  3»&-402. 
Xlciometara  (Doable  image). 

Bbxki>ki,(H.)    UebereiD  ueaea  von  Herrn  Dr.  Wellmann  oonBtrairte*  Doppel- 
bild-Mikrometei.    Vrtljsotu.  d.  astroa.  Qeaellwih.,  24 :  368-72,  1889. 
Uotm. 

BoTS  (C.  VO    Heat  of  tbe  moou  and  atars.    il.    Proo.  ro;.  aoo.,  47 :  480-99. 
LmoLET  (S.  P.)    Temperature  of  tbe  moon.    Am,  J.  Sc,  [38] :  421-40.    1889. 
.    Same.    Meia.  nat.  aoad.  m.,  4:  103-212.    26  p).    4°.    1889.    J(m>,  Be- 

UlkTwar. 

Fl4M]iann(J.}   UeberOroMe,0«ataltnQd8tenifUUederMUch8tra«e.    10p.8vo. 
n.  p.,  n.  d. 
Uteball  (Ormeb;  Mokoight], 

PonvR  (J.  Q.)    Omub;  Hokuigbt  Mitohell.    Sid.  Heas.,  8 :  442-47. 
Rabnla  In  Lyra 

IUll  (A.)    Note  OD  tbe  riDfc-nebula  in  Lyra.    Astroo.  Jonr.,  9 :  61. 
pRDTOOiupiiiB  de  la  n^bnleueede  la  Lyre.     II.     L'Astton.,  U :  441-6.     18EN>. 
Stbola  in  Orion  (Great). 

C[o)niOM]  (A.A.)    [NoteoaapbotogtaphbyBoberts.]    11.    Ober;.,  12:  105. 
KBbnla. 

ToDKO  (C.  A.)    Vole  on  recent  papervof  Dr.  Hugglaa.    Sid.  Meaa..S:  289-91. 
CutBM  (A.  H.)    Spectra  of  tlie  (Mon  nebula  and  of  tbe  aurora.     Obsry,,  12: 
366-70. 
Xatatlan. 

FOUE  (     )     Determination  de  Ift  notation  dinme.     Bull,  aatrou.,  G :  100-3. 
ObjecttTaa. 

BiTTRRiiANN  (H.)  Untersnohnngen  liber  die  Gextalt  der  Bildcr  iiud  din  Tbcorie 
der  Heaauni^o  anaeechalb  der  optiecben  Axe  von  uetTOnomiscbcn  Inxtiumeo- 
tao.  Astrou.  Nacbr.,  120:  337-416. 
firwifnRiL  (A.)  KiuSiiBi  der  Objectivoonstrnctiou  auC  die  LlchlTertbeilung  in 
•eidiob  TOn  der  optiecbon  Aie  gelegonen  Bildpnnbten  von  Sternen  bei  swoi- 
linstgen  Sybteiuen.  Sitsuogtb.  d.  matk.-pbys.  CI.  d.  k,  bayer.Akad.  d.  Wis- 
Mnacb.,  19  (Hfl.  3):  413-t5.     1889. 

.     Vertbeilnng  dea  Llobtea  in  aeitliob  von  iler  Axe  gvleffenen  Stctnbildern 

nndden  EiDflneaderConatrnction  des  Object!  vcabieranf.     Vrtljacbr.  d.  aatrou, 
GeaeUacb.,  24;  354-0.     1889. 
Obtarratoilea. 

BcKRMRi)(G.  H.)    Keport  on  aatTonomiual  observatioua  for   l)<46,     Smitbaon. 

Rapt.,  1886:  36T-483.     Alio,  Beprint. 
BuDOKT  de  raatronumie  at  da  la  ni6t^ro]oRie  [eu  France  1891].     L'Aatron./J: 

436.     18H). 
J&HSBSBBKiGHTK  der  Sternirartau  fUr  1888.     VrtlJsebT.  d.  astron.  Qeaeliaob.,  24  i 
8&-171. 
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Oocnltatlons. 

Callandrkac  (0.)    Pr4diotiou  da*  occallatiooa.    Ball,  aatroo.,  6:  139-41. 
Orbits. 

OuusKB  (J.)    BahnbeitimiDDag  nach  Lkmlwrt.    AstroD.  Nachi.,  lil :  SMV. 
SisARt.B  (G.  M.)    CompatstioD  of  the  (roe  aoomaly,  rftdins-vectoi  andcinrii- 

uates  in  ellipses  of  ([Teat  eooentricity.     AstroD.  Joar.,  8:  153-4i. 
ScHULHOir  <L.)    ForraalM  ditMreDClelUs  poar  les  variatioos  dea  tilfmeciU d'ane 
oibite.    Bull,  aatrou.,  6:  151-192. 
Oxford  Unlvarslt;  Obaervatoiy. 

A8THONOMICAL  obMTvatluDs  .   .  .  iiudeT  the  (lirootion  of  C.  Pritcliard.   No.  3.     ■ 
Beaearches  id  stellar  parallax  b,v  Ibe  aid  of  photography.    8+1-*'^  !'■   ^'°-  ^c-    ' 
ford,  L8H9. 
Parallax.  ' 

VOM  Brbrl'R-Paschwitz  (K.)     HttlhtafelD  7.uc  Beraahnung  der  ParalUu  fiii     . 
ConietBti-uad  PlanetenbeoUaohtunifaD.      Veroffentl.  d.  Oroasberagl.  Strnvrt. 
znKarlOTtthe,  3:  183-204.     l(iS». 
Parallax  (Solar). 

llARKSKSS  (W.)    On  the  inaasesnf  Meronr;,  Venus,  sod  the  Earth  and  ODtbeM- 
Isr  paralUs.    Astroo.  Jour.,  9 :  9-15,  31. 

.    Ou  aD  error  iu  oouipntalioo  of  the  solar  parallax.     Astroo.    Jour..  9: 

5-31. 
FaraUaz  (Steller). 

UBUJPOLGKr  (A.)   BeitrBKzarETmittolunKvoDSterDpaTaUnxeDausDarchsuiE>- 

beobaebliingea.     Astrou.  Naohr.,  l:il ;  ll3~'2f. 
pLa>iHAItioN<C.)    DislancflH deg litoiles.     [Tables.]    L'aatrou.,  U:  441-50.  IM. 
C'LEHKB  (A.  M.}    Star  distauces.    Nature,  41 :  til. 
PaiU  BxpOBiUon  (1869). 

L'ASTRONOMtK  i  I'expoaitiOD.     L'ostroD.,  8 :  450. 
Pula  Obaervatoi;. 

Sapport  auDuel  .   .   .   pour  Tannte  1888  .   .   .  par  [E.]  Uoacbei.    '26  p.    iHk 
Paris,  l«rtl. 
Feraonal  Bq,natlon. 

Bakbuyzi{n(H.  G,  vaudeSande).   BeecbreibnugeiDesAppaTatesia  derabaolDla 

pereuuliohes  Fehlera  .  .  .    40  p., '.i  pi.    4to.    Hoag.  1889. 
aoNNKsalAT<F.)    Recbercfaee  anr  lea  L-rrean  pecaooiielles  daua  lea  obstirvatioiu 

de  pauiages.     Bull.  a«tron.,G:  471-80. 
Lanolev  (S.  p.  )    Observation  of  suddeu  pbenomeua.     Sid.  Meaa.,  8 :  291-99. 
Low  (M.)     Der  persuoliche  Febler  bei  Measuog  vod  Zenilb-Diatanzen  nnilAii- 
mutoQ.    Aatroa.  Nacbi.,  121 :  307-16. 
Paraoual  acale. 

BOQi'ST  (F.)    RecUeccbe  ear  la  valour  dea  observations  de  paaaagea.     £nll. 
a8tron.,(i:  :B7-43. 
Photograpblo  Congreaa,  Paria  (168T). 

Bulletin  da  comil^  intetoatioaal  peniiaoent  pour  I'eiAsatioD  pbotograpliiqit 

de  la  carte  du  ciel.     p.  147-286  (3'  et  4'  faaoicule). 
[Circular  of  iDtematioual  Congresa  oa  celestial  photograpby.]     ObsiT.,  iS-  i 

329-32. 
[Reports  of  meeting  of  pertnaaent  committee  on  ohacting,  aud  of  organiiatioD  ' 
of  couiuiittee  on  celestial  photography  aad  epeotroaoopy. )    Obarj.,  ti:  363-6. 
Pbotograpby. 

Mrktino  of  the  t>crDiBaeiit  committiw  of  the  astro- photographic  congreoa.    Sid. 

Mi'S8.,H:  412-14. 
PiCKRRiNa<F:.  C.)     Photographic  ilntermiuatiou  of  the  brightuess  of  the  start- 
Aud.  Harv.  Coll.  OLisry.,  Id:  119-214  (v.  18,  No.  7).     Alto,  Kepr^t. 
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Pbotogiapbj  (Astrononiicsl). 

RutHABtON  (C.)     L«8  pTOf^T^  de  U  photographie  c^leate.     il.     L'Aatron.,  Bx 

m-i.    1890. 
HoLDKn (E.  S.)    PhotogrsphiDg and  seeioR  ttftrs in  tbe day-time.    Aatrun.  Joar., 
9:  73-74. 
Pbotoeiaplir  (Stellar). 

Another  pbotoKrapblo  chart  of  tbe  heaTenB.    ObarT.,13;  SO&'ll. 
CuutUBR  (C.  V.  L.)     ADweodang  der  Sleni photograph ie  in  HelligkertBniDB- 
eangen  der  Steroe.    8-|-3l  p.    lU).    LeipEig,  18B9. 
rnb.  d.  utroQ.  0«Mll*eh..  11. 
Gould  (B.  a.)     ttodoction  of  photographio  ohserratloiiB,  with  a  detennioatiou 
or  the  poajliou  of  the  Pleiades  from  photographs  by  Mr.  Butherfucd.    Mom. 
Nat'lAoftd.Sc.,4:  173-00  <t.  4,  3.  mem.).     .4tM>,  B«priDt. 
EiFTRTN  (J.  C.)    Beiicht  Uber  di«  zar  Heratellang  einer  DarchuuaUrung  des 
aiidlichea  Uimmels  aiisgefllhrt«D  Arheiten.     Vrtljsoht.  d.  aatron.  Qeaellach., 
34:  313-20. 
La  CtKTK  photograpbiqae  dn  ciel.     L'utroo.,  8 ;  388-91.    leeo. 
PicSKUMO  (E.  C.)    PhotogTapbiochartof  the  heavens.    Oheiy.,  V2:  :t75. 
BdosiON  du  Gomit^  iuteroational  pemiaaeut  poor  I'exdoutioD  de  la  cttrte  photo- 
grapbique  do  ciel,  ^  robservatoire  de  Pftrie  an  aepteoibK  1869.     ll'J  p.,  4to. 
PsTJa,  1»B9. 


SuiuEBBRU  (J.  H.)    Photographic  brigbtoesaof  the  flied  atAnt.    Pub.  aetrou. 

aoc.  Pacific,  1 :  53-«4. 
SCBEIKKR  cJ.)    BHStimmDDg  der  Stemgrosseo  aaa  photogropbisohea   Aufoah- 
inen.    AbItoo.  Nacbr.,  121 :  49-62. 
Flusts. 

Urigory  (H.  a.)     Determioation  of  massoB  in  astronomy.     Nature,  40:  80. 
IUll  (A.)    Deduction  of  planetAry  maa»e«  from  the  motioDB  of  cometB.     AstroD. 
Joiir.,9:  47. 
lUadBB. 

Euiin  (W.  L.)      CompariBOU  of  Dr.  Gonld's  reductious  nf   Mr.   Rutherfurd's 

Pleiadn  photographs  with  the  hetiometer  reaaltit.     ABtron.  Jour.,  1):  3:t-3.'i. 
GoL'LD  (B.  A.)    Determiaation  of  the  position  of  the  Pleiaiica  from  photographs 
bf  Hi,  Kiitberfuid.     Mem.  oat'l  mead.,  sc.,  4  i  173-90.     (v.  4,  3.  ujenJ.)    AUo 
Reprint. 
Ptmepc. 

UoULD  (B.A.)     Redact  ion  of  photographio  obsecvatioDS  of  tb«  Pasepe.    Mem, 
Nal.  Acad.  Ho.,  4 :  193-9.     (v.  4,  4.  mem.)     Alio,  Reprint. 
ftoftt  motloD., 

Buss  (L.)    Proper  motioru  of  stars  in  the  Albany  zones.  <-fO°  50'  to  50°  10' for 
tseo.)    Antron.Jonr.,  9:  57-114. 
Hsditars. 

Clirkb  (A.  M.)    Some  M>ntbem  T«d  stars.     Obsry.,  12 :  134. 
BefracUon. 

LABIA  (W.)     UebereiueeiDfachcRerractioDsformel.     Astron.  Niichr.,  IJl :  111. 
Lkhhahn-FiijiI^   (K.)     Eine   geniiberte   Refractionafonuel.    Astron.    Kacbr., 

nu  383. 
Kadai'  (R.)    Essai  enr  les  r^fraotious  aatronomiqaes.     60  p.    4to.   Paria,  ltl39. 
Btaiatiue  macUnin. 

Bau.  (A.)    R«8ia(ing  mediam  in  apace.    Sid.  Meaa.,  8 ;  433-42. 
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Satnin. 

Amdino  (A.)  Die  Seeltger'Miba  Tbeorfe  des  SttnmriDges  nod  der  Belaachtiuii 

d«r  gnMMD  Plaoeten  tlberhftupt.    Aatron.  Nacbr.,  131 :  l-)6. 
Hall  (A.)    White  spot  on  tbe  tlag  of  Sfttarn.    AstroD.  Joai.,  9 :  33. 
HoLDKK  (E.  8.)    B«ported  obuigM  in  rings  of  Satnro.    Asboo.  Jonr.,S:  lW-1. 
Reblrr<J.  B.)    OaterriDKof  SaturD.    Aatroo.  Joar.,  6:  2!!-lT&. 
LocKTEB  I  J.  N.)    Not«  on  tb«  spMtrum  of  Uw  ringaof  8*iam.    ittroti.  Nulir., 

131 :  15. 
Tbkbv  (F.)    L»  taobe  bluiohe  de  ranne»D  de  Satnnie  .  .  .     Obsiy.,  12:  tX. 
.    Sur  I'aspect  de  la  pluifate  Satorne  et  ap^iftlemant  aar  noe  taofae  blvKbt 

el  brlllaate  observ«e  sni  md  anoeaa.    i).    Aatrou.  Naobr.,  131 :  109, 173,  m 

305,  336,  307. 
Satom  (RiDga  of). 

TittSERAin)  (F.)  Th^rie  de  Maxwell   but  I'aDDeaa  de  Satnnie.    Ball.  Mtrai', 

6:38:!.  417. 
Solar  ayatsm. 

Bona  (L.)    Sf  atematic  oorrMtiooe  of  atar  poMtiona  Dear  Eqnalor,  with  a  note  oa 

the  GODBtants  of  boIsc  motion.    AattOD.  Joor.,  9: 17,25, 
Speotnun  (Solar). 

Janbskn  (J.)    AMenBioD  aoientiBqae  an  moot  BUno.     L'AatTon.,  9:  446-9,1^- 
.     Origioe  telloriqae  dea  nira  de  I'ozyifADe  dana  le  spectre  aolain.   L'A>- 

Iron.,  H.  306.    1669. 
Lanqley  (S.F.)    Tbeaolar  and  tbe  luDat  apeotratn.    11.    Hen),  oat.  Kad.K.,4: 

159-70.    &  pi.    Aho,  ICepTint. 
Spftotra  (Stellar). 

Ebpin  (T.  E.)    Stan  witb  remarkable  apeotra.    ABtroa.  Naobr.,  18t:33-& 
PiCKERiNefE.  C.)    Henry  Draper  memorial.    Tbitd  aonnal  i«part  of  tbt^ 

tographic  study  of  atellat  apectra.    8  p.    4h>.    Cambridge,  1889. 
Btat'CatalognsB. 

AuWEKd  (A.)    Vorlaafiger  Fandamental-Catalog  ffir  die  lUdUcbeD  ZonnJe' 

AatroDomlBohQii  GeBellsahaft,     Aatroo.  Naobr.,  181 :  I45-7S. 
Bkrichte  Uber  die  BeobaohtODg  der  Steroe  bie  zur  DeuDten  Gr3Me  am  DurdUcbn 

Himinol.     Vrtljaohr.,  24;  280-93.     1889. 
Cataloouks  d'6toileadeduits  des  observations    pabli^ca  dans  lee  vols  ti  «t  viL 

Obaervntions  de  Puulcova.     v.  8.     1889. 
Omrxl  (K.)    Boziehaogen  der  ia  den  Berliner  aetronomiaoben  JabrbBcli'n 

voal860  Ula  1883  gugebeDenPixstemSrter  mm  Fandament&l-Catalog  der  Attn- 

iiomischen  Qeaellachaft.    Astroii.  Naohr.,  131 :2SS-^. 
Kreutz  (H.)    BericbtiKungen  zu  der  Bonner  Durcbmaat«mDgeD-?fODe  55--<Q'' 

AstroD.  Naohr,  131 :  23^. 
[Peters  iC.  H.  F.)  vs.  Borst  (C.  A.)    Action  to  recover  mannscript.    SopKW 

ooart,  Oneida  Co.,  N.  Y.     Opinion  of  Juatice  P.  C.  WlUiamnin  favorof  PeWt.) 

19  p.    8vo.     Utica,18t».  I 

Peter's  Star-ealalogoe.    Sid.  Meaa.,  8:455-66.  | 

[WiNLOCK  (A.)]    Meridiaa-cirole  obaerrationa  of  cloee  polar  alars.    Ann.BBrT. 

Colt.  Oliary.,  18:359-84.    (T.18,no.9.)    .^Iso,  Reprint. 
8taj-oluuta. 

CoTTAM  (A.)    Cbarta  of  tbe  consteltationa,  London.    1889.  I 

Btar-plaoaa. 

Bosa  (L.)    Syatematio  correctionaof  star  poaitiona  near  the  Eqoator,  with aaoM 

on  the  oonBtaota  of  solar  motion.    Aatrou.  Joor.,  9:  17,35. 
OOULD  (U.  A.)    Comparisona  of  tbe  photographic  with  the  inatrantental,  deW 

minationsof  star-plaoea,     Aalron.  Jour.,  9:  36-37, 
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BtuB  (Uotiou  of)  ill  the  line  of  sight. 

VooiL(H.  C)    U«ber  die  aof  dem  Poladamer  ObMrTatoriani  unterDommenen 
UntenncbDDgsn  ilber  die  Bewegnngen  der  Sterne  im  ViBioDB-Ra<liiie  vermit- 
t^tderipectrograptaiwbeD  M«thode.    A^troa.  Naahr.,  121  :  241-5H. 
Son. 

WOLPfB.)    Bericbt  fiber  die  ThStigkeit  aaf  der  Sonne  im  Jfttaie  ims.    Astroo. 
NMhr.,121:  107. 

.    Slatiatiqne  Mlklre  de  I'taaia  1888.     L'Aetron.,  8 :  01.     IS^. 

Bun  (KuMtar  of). 

AUWKBS  (A.)    Neoe  UDtenaohangen  tibet  den  Darohmeiaer  der  Sonne,  III. 
Sitiniigsb.  d.  t.  prenM.  Akad.  A.  Wiuenwh.,  1S8»:  111-170. 
BuMpota. 

BRUGDitxE  (H.)    Hftiima  et  mtnima  Bolairea.     L'AetroD.,B:  417.     1889. 
Spouwr  (G.  F.  W.)    Ton  den  SonnenSeoken  dea  Jahtea  1888  iind  tod  der  Ter- 
Nhiedenh«it  der  nordlioben  and  aUdlictien  Hklbkagel  der  Sonne  eeit  1883.   Aa- 
tniD.  Nachr.,  121 :  105. 
— .    Bar  lea  diffdrenoee  qne   pr^aentent  I'btniiapfafeTe  nord  et  rb^roiepb^ce  aud 
do  BoleiL    Boll,  astron.,  li :  60-3. 
Tables  (Aatronomical). 

pABKBtrasT  (H.  M.)    Aatronomical  tables.    45(t  p.     )6nio.    New  York,  1860. 


BjtTTKBltANN  (H. )    UntersachuDgen  Uber  die  Qestalt  der  Bilder  nnd  die  Theoile 
der  HManngen  anaHirhalb  der  optiaohen  Axe  von  astronomlsohen  Inatrumenten. 
Aatron.  Nftchr.,  130;  337-416. 
COHHUir  (A.  A.)    Great  telescopes.    Obsry.,  13:  138. 
T[eeihaj«t1  (J.  P.)    Distortion  in  tetnscopio  images.     Obsrf.,  112:  304-8. 
Tampel  [Gnglielmo  Enwato,  ie21-'89.] 

SCUAPAAKLU (G.  T.)    AnzBigedesTodes  .  .    .     Aatron.  Noohr.,  121;95. 
Tbemograph. 

Hdtcuii(8(C.C.)&Owks  (D.E.)    Aoooant  of  a  new  thermograph  .  .  .  meunrea 
of  lonar  radiations.    Proc.  Am.  Aoad.  Arte  8e.,  S4 :  185-45.    AUo,  Repriut,  1889. 
Birea  bodies  (Problem  of). 

Bri](dbl(U.)    Gylden'a  theory.    Obary.,  13:  399-403. 

F[i.AMUARiON](C.)    Le  probUme  dee  troia  oorpa.     L'Astron.,  8:  365-8.    1889. 
Li&pouMOr  (A.  H.)    [Stability  of  motion  in  a  special  case  of  tbe  problem  of 
three  bodieo.]    94  p.    8vo.     Silberberg,  1889.     [InBnssian.]    £».  by  B[adau] 
(B.)  BaU.  Mtroo.,6:  481-9. 
Tides. 

rcRKKL(W.)    LapUce'a  aolntion  of  tbe  tidal  eqnationa.  Aatron.  Jnnr,,  9:  41-44. 


OssKRVATOBY  local  patronage  threatened.     Sid.  Hess.,  8:  453-54. 
tins  (UoiTersal). 

La  TUKQUn  et  I'unificatiou  du  temps.     L'Aatcon.,8:  49.     1889. 
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THE  MATHEMATICAL  THEORIES  OF  THE  EARTH." 


By  ROBBST  Simpson  Woodwabd. 


The  name  of  this  section,  which  by  yourconrtesy  it  is  my  daty  to  ad- 
dms  today,  implies  a  commauity  of  iateresh  amongst  astroDumera  and 
matliematiciaDB.  This  community  of  interest  is  not  diflBcnIt  to  explain. 
fV'ecan  of  conrae  imagine  a  considerable  body  of  astronomical  facts 
•loite  independent  of  matbematics.  We  can  also  im^ine  a  much  larger 
My  of  mathematical  facts  quite  iudepeudeut  of  aud  isolated  from 
^istronomy.  Biitwe  never  think  of  astronomy  in  the  large  sense  witb- 
oat  recognizing  its  dependence  on  matbematics,  and  we  never  think  of 
maUtematics  as  a  whole  witbont  considering  its  capital  applications  in 
aitrDQomy. 

Of  all  the  subjects  and  objects  of  common  interest  to  aa,  the  Earth  will 
Msily  rank  first.  The  earth  furnisbea  us  with  a  stable  foundation  for 
iuslniinental  work  and  a  fixed  line  of  reference,  whereby  it  is  possible 
b)  make  oat  the  orderly  arrangement  and  procession  of  our  solar  system 
and  to  g.iiu  some  inkling  of  other  systems  which  lie  within  telescopic 
range.  The  earth  furuiahes  aa  with  a  most  attractive  store  of  real  prot}- 
leniB;  itssbape,itS8ize,  its  mass,  its  precession  and  nutation,  its  internal 
beatfiisearthquakes,  and  Tolcanoes,  and  its  origin  and  destiuy,  are  to 
be  classed  with  the  leading  questions  for  astronomical  and  mathematical 
Ksearch.  We  must  of  course  recognize  tho  claima  of  our  frieuda  the 
^ogiats  to  that  indefinable  something  called  the  earth's  crust,  bnt  con- 
Bidered  in  its  entirety  and  in  its  relations  to  similar  bodies  of  the  uni- 
^(TBe,  the  Elarth  has  long  been  the  special  province  of  astronomers  and 
mattaematiciana.  Since  thetimesof  Galileo  and  Kepler  and  Copernicus 
It  baa  supplied  a  perennial  stimulus  to  observation  and  Investigation, 
*Dd  it  promises  lo  tax  the  resources  of  the  ablest  obaervers  and  anal- 
fsts  for  some  centuries  to  come.  Tbe  mere  mention  of  the  names  of 
Sewton,  Bradley,  d'Alemltert,  Laplace,  Fourier,  Gauss,  and  Beasel,  calls 
to  mind  not  only  a  long  list  of  inventions  and  discoveries,  bat  the  most 

*  VicB-prendenhal  addrew  before  the  seotina  of  MathematicB  and  AalroDOiiiy  of 
tlu:  AnMricau  AMociktion  for  the  Advutoementof  Science  at  the  Toronto  meeting, 
Aogut,  IStS.    (From  the  iViMwdiM^tJm.  A»oa.  Ade.  3el.,  vol.  xxxviii.) 
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importaDt  parte  of  mathematiciil  literature.  In  its  dynamical  and  phys- 
ical aspects  the  Eartb  wns  to  them  the  principal  object  of  research,  anil 
the  tboroQgbness  aad  completeness  of  their  contribations  toward  an  ex- 
planation of  the  "system  of  the  world  "are  still  a  source  of  wonder  and 
admiratioD  to  all  who  take  the  trouble  to  examine  their  works. 

A  detailed  discnssion  of  the  known  properties  of  tbe  earth,  and  of 
the  liypotlieses  concerning  tbe  ouknown  properties,  is  oo  fit  task  for  a 
summer  afternoon ;  the  intricacies  and  delicacies  of  tbe  subject  are  suit- 
able only  for  another  season  and  a  special  Hndience.  But  it  has  seemed 
that  a  somewhat  popular  review  of  the  state  of  oar  mathematical  knowl- 
edge of  the  Earth  might  not  be  without  interest  to  those  already  boiil- 
iar  with  the  complex  details,  and  might  also  help  to  increase  that  gen- 
eral interest  in  science,  the  promotion  of  which  is  one  of  the  most 
important  fnnctions  of  this  association. 

As  we  look  back  through  the  light  of  modern  analysis,  it  seems 
strange  that  tbe  snvcessors  of  Kewton,  who  took  npthe  problem  of  the 
shape  of  the  Earth,  should  have  divided  into  hostile  camps  over  the 
qnestion  whetberonrplauetiselongatedorflattened  atthepoles.  They 
agreed  in  the  opinion  that  the  Earth  is  a  spheroid,  but  they  debated, 
investigated,  and  observed  for  nearly  balf  a  century  before  deciding 
that  the  spheroid  is  oblate  rather  than  oblong.  This  was  a  critical 
question,  and  its  decision  marks  perhaps  the  most  important  epoch  in 
tbe  history  of  the  figure  of  the  Earth.  The  Newtonian  view  of  tbe  obl«U 
form  found  its  ablest  supporters  in  Huygeus,  Manpertuis,  and  Glair- 
ant,  while  the  erroneons  view  was  maintained  with  great  vigor  by  tbe 
justly  distinguished  Oassinian  school  of  astronomers.  Unfortnnately 
for  the  Oassinians,  defective  measures  of  a  meridional  arc  in  Prance 
gave  color  to  tbe  false  theory  and  furuiabed  one  of  the  most  con- 
spicuous instances  of  tbe  deterring  effect  of  nn  incorrect  obsen'n- 
tion.  As  yon  well  know,  tbe  point  was  definitely  settled  by  Han|.>er- 
tnis's  measurement  of  the  Lapland  arc.  For  this  achievement  his  name 
has  become  famous  in  literature  as  well  as  in  science,  for  bis  fWend 
Yoltaire  congratulated  him  on  having  "flattened  the  poles  and  the 
Gassinis;"  and  Carlyle  has  honored  him  with  tbe  title  of  "  Earth-fist- 
tener."' 

Since  tbe  settlement  of  tbe  qnestlou  of  tbe  form — progress  toward 
a  knowledge  of  tbe  aize  of  the  Earth  has  been  consistent  and  steady, 
until  now  it  may  be  said  that  there  are  few  objects  with  which  we  hsre 
to  deal  whose  dimensions  are  so  well  known  as  tbe  dimensions  of  the 
Earth.  Bnt  this  is  a  popular  statement,  and  like  most  snch.  Deeds  U 
bo  explained  in  order  not  to  be  misunderstood.  Both  the  size  and 
shape  of  the  Earth  are  defined  by  the  lengths  of  its  equatorial  and  polar 
axes;  and,  knowing  the  fact  of  the  oblate  spheroidal  form,  the  lengths 
of  tbe  axes  may  be  found  within  narrow  limits  from  simple  measure' 
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Deots  contacted  on  the  snrTace  qnite  indepeodently  of  an;  knowledge 
oftfaeiuteriorconBtitntioD  of  the  earth.  It  is  evident  in  fact,  without 
tecourae  to  mathematical  details,  that  the  length  of  any  arc,  as  a  degree 
oflstitQile  or  loDgitade  on  the  earth's  surface,  most  depend  on  the 
lengths  of  tbose  axes.  Conversely,  it  is  plain  that  the  meaanrement  of 
sacb  811  arc  and  the  determination  of  its  geographical  position  consti* 
toM  an  indirect  measnrement  of  the  axes.  Hence  it  baa  happened 
tliat  scientific  as  diatingnished  fi^>in  practical  geodesy  has  been  con- 
cerned chiefly  with  snoh  linear  and  astronomionl  inensnrements,  and 
tbe  zeal  with  which  the  work  has  been  pursued  is  attested  by  trianga- 
latioQS  on  every  continent.  Passing  over  the  earlier  determinations  as 
nrbistorical  interest  only,  all  of  the  really  trustworthy  approximations 
to  the  lengths  of  the  axes  have  been  made  within  the  half  centary  just 
pasiwd.  The  first  to  appear  of  these  approximations  were  the  well* 
foanded  values  of  Air;,*  pnhlished  in  1S30.  These,  however,  were 
■Imost  wholly  overshadowed  and  supplanted  eleven  years  later  by  the 
Tslaeg  of  Be3ael,f  whose  spheroid  came  to  occupy  a  most  conspicuous 
plice  in  geodesy  for  more  than  a  qnart«r  of  a  century.  Knowing  as 
we  now  do  thatBessel's  values  were  considerably  in  error,  it  seems  not 
a  little  remarkable  that  they  should  have  been  so  long  accepted  with- 
oataerionsqaestion.  One  obvious  reason  is  found  in  the  facttbata 
moaiderable  lapse  nf  time  was  essential  lor  the  accnmnlation  of  new 
data,  but  two  other  possible  reasons  of  a  different  character  are 
•orthy  of  notice  because  tbey  are  interesting  and  iuatrnctive,  whether 
■pecjallj  applicable  to  this  particular  case  or  not.  It  seems  not  im- 
probable that  the  close  agreement  of  the  values  of  Airy  and  Besael, 
uxnpnted  independently  and  by  diflTerent  methods — the  greatest  dis- 
crepancy being  about  150  feet — may  have  been  incautiously  inter- 
preleil  as  a  confirmation  of  Beasel's  dimensions,  and  hence  led  to  their 
toonAdy  adoption.  It  seems  also  not  improbable  that  the  weight  of 
Beesel'a  great  name  may  have  been  too  closely  associated  in  the  minds 
of  hia  followera  with  the  weights  of  bis  observations  and  resnlts.  The 
noction  of  eminent  authority,  especially  if  there  is  added  to  It  the 
itanip  of  an  official  seal,  is  sometimes  a  serious  obstacle  to  real  prog. 
rem.  We  can  not  do  less  than  accord  to  Bessel  the  first  place  amongst 
tbe  astronomers  and  geodesists  of  hia  day,  but  this  is  no  adequate  jns- 
tificatioD  for  tbe  exaggerated  eatimate  long  entertainetl  of  tbe  precision 
of  tbe  elements  of  his  spheroid. 

Tbe  next  step  in  tbe  approximation  was  the  important  one  of  Glarkej; 
>»  1866.  Bis  new  values  showed  an  increase  over  Bessel'a  of  about 
^f  a  mile  in  the  equatorial  semi-axis  and  about  three-tenths  of  a  mile 


'Etfcloptdia  MetropelUana. 

^  AitmumtiKit  Sadiriehle*  No.  438, 1841. 

tCompaiiBon  of  SUndards  of  Length,  tiMdo  at  tbe  ordo&nce  office,  Southampton, 
Eoglud,  b7  C&pt.  A.  B.  Clarke,  B.  E.  Pablishsd  by  order  of  the  seoretur  of  tXuM 
M  •*T,  1866. 
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ID  the  polar  semi-axis.  Siuce  1866,  General  Clarke  bas  kept  pa^  vith 
tbe  acciimiilating  data  and  gireD  us  so  maDy  different  elemeata  for  oar 
spheroid  that  it  is  necessary  to  affix  a  date  to  any  of  his  values  we  nay 
use.  The  later  values,  however,  differ  but  slightly  from  the  earlier 
ones,  so  that  the  spheroid  of  1866,  which  has  come  to  be  pretty  gener- 
ally adopted,  seems  likely  to  eujoy  a  justly  greater  celebrity  thau  that 
of  its  immediate  predecessor.  The  probable  error  of  the  axes  of  tliis 
spheroid  is  not  much  greater  than  the  hundred  thoonandth  pnrt,*  and 
it  is  not  likely  that  new  data  will  change  their  lengths  by  more  than  a 
few  hundred  feet. 

In  the  present  state  of  science,  therefore,  it  may  be  said  that  tbeflnt 
order  of  approximation  to  the  form  and  dimensions  of  the  Earth  has 
been  successfully  attained.  The  question  which  follows  naturally  and 
immediately  is,  how  mnch  further  can  ttie  approximation  be  carried  I 
Tbe  answer  to  this  question  is  not  yet  written,  and  the  indicatioDS  are 
not  favorable  for  its  speedy  announcement.  The  first  approximation, 
as  we  have  seen,  requires  no  knowledge  of  the  interior  density  and  ar- 
rangement of  the  earth's  mass ;  it  proceeds  on  the  simple  assumption 
that  the  sea  surface  is  closely  spheroidal.  The  second  approximation, 
if  it  be  more  than  a  mere  interpolation  formula,  requires  a  knowledge 
of  both  the  density  and  arrangement  of  the  constituents  of  the  earili's 
mass,  and  especially  of  that  part  called  the  crast.  "  All  astrooomj." 
says  Liiplace,  "  rests  on  the  stability  of  the  earth^s  axis  of  rotatiou."* 
In  a  similar  sense  we  may  say  all  geodesy  rests  on  the  directJou  of  the 
plumb  line.  The  simple  hypothesis  of  a  spheroidal  form  assnmes  . 
that  the  plumb  line  is  everywhere  coincident  with  the  normal  to  tiie 
spheroid,  or  tliat  tbe  surface  of  the  spheroid  coincides  with  the  level 
of  the  sea.  But  this  is  not  quite  correct.  The  plumb  line  is  not  in 
general  coincident  iritb  the  normal,  and  the  actual  sea  level  or  geoid 
must  be  imagined  to  be  an  irregular  surface  lying  partly  above  and 
partly  below  the  ideal  spheroidal  snrface.  Tbe  deviations,  it  is  tme, 
are  relatively  small,  but  they  are  in  general  much  greater  than  the 
unavoidable  errors  of  observation  and  they  are  the  exact  nnmerical 
expression  of  our  ignorance  in  this  branch  of  geodesy.  It  is  well 
known,  of  course,  that  deflections  of  the  plomb  line  can  sometimett  be 
accounted  for  by  visible  masses,  but  on  tbe  whole  it  must  be  admitted 
that  we  possess  only  the  vaguest  notions  of  their  cause  and  a  most  in- 
adequate knowledge  of  their  distribution  and  extent. 

What  is  true  of  plumb-tiue  deflections  is  about  equally  true  of  the  de- 
viations of  the  intensity  of  gravity  from  what  may  be  called  the  sphe- 
rnidial  type.  Given  a  closely  spheroidal  form  of  the  sea  level  and  it 
follows  from  the  law  of  gravitation,  as  a  first  approximation,  without 

*  Clarke,  Col.  A.  R.,  Geodwy,  Oxfotd.  1880,  p.  319. 

l"Toute  I'Astronomie  ropoM  aar  1' in vari ability  de  t'ase  de  rotation  de  la  Terra  iU 
snrface  da  spb^roide  terreatre  et  sar  I'uDifoTmitA  de  c«tte  lolatioD."  McaitiqiitCt- 
leale  (Parin,  1882),  Tome  v. p, 22. 
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BD.V  kDowledge  of  tbe  distribution  of  tlie  earth's  riiasR,  thnt  tbe  increase 
of  grevjiy  varies  as  the  square  of  the  sine  of  tbe  latitude  iu  pnasiug 
from  tbe  equator  to  tbe  poles.  Tbis  is  the  remarkable  tbeorem  of 
Stokes,*  and  it  enables  as  to  determiDe  the  form  or  ellipticity  of  the 
l^rth  bj  means  of  pendulum  observations  alone.  It  mast  be  admitted, 
hoTerer,  that  the  values  of  tbe  ellipticity  recently  obtained  in  this  way 
b;  tlie  highest  authorities,  Clarketaiid  Helntert,!  are  far  from  satis- 
faetory,  whether  we  reganl  tbein  in  the  light  of  their  discrepancy  or 
iu  tbe  light  of  tbe  different  metbods  of  computing  them.  In  general 
terms  we  may  say  that  tbe  difficulty  in  tbe  way  of  tbe  use  of  pendulum 
observations  still  hinges  on  the  treatment  of  local  anomalies  and  on  the 
qaestioD  of  reductiou  to  sea  level.  At  present,  the  case  is  one  concern- 
ing which  the  doctors  agree  neither  io  their  diagnosis  nor  in  their 
remedies. 

Tarniug  attention  now  rrom  the  surface  towards  the  interior,  what 
can  bo  said  of  the  earth's  mass  as  a  whole,  of  its  laws  of  distribution, 
and  of  the  pressures  that  exist  at  great  depths  t  Two  facts,  namely, 
tlie  mean  density  and  the  surface  density,  are  roughly  known ;  a  third 
fact,  namely,  tbe  precession  constant,  or  the  ratio  of  the  difference  of 
the  two  principal  moments  of  inertia  to  the  greater  of  them,  ia  known 
vilh  something  like  precision.  These  facts  lie  within  the  domain  of 
observation  and  require  only  the  law  of  gravitation  for  their  verification. 
Certain  inferences,  also,  from  these  facts  and  others,  have  long  been  and 
still  are  held  to  be  hardly  less  cogent  and  trustworthy,  but  before  stat- 
ing them  it  will  be  well  to  recall  briefly  tbe  progress  of  opinion  con- 
ceming  this  general  subject  during  tbe  past  century  and  a  half. 

Tbe  conception  of  the  earth  as  having  been  primitively  fluid  was  the 
prevailing  one  among  mathematicians  before  Glairaut  published  his 
Tb^orie  de  la  Figure  de  la  Terre  in  1743.  By  tbe  aid  of  this  conception 
Clairaut  proved  the  celebrated  theorem  which  be^irs  bis  name,  and 
[irobably  no  idea  in  tbe  mechanics  of  the  earth  has  been  more  suggest- 
ive and  fruitful.  It  was  tbe  central  idea  in  the  elaborate  investigations 
ofldplace  and  reeeiveil  at  bis  hands  a  development  which  his  succeit- 
mrs  have  found  it  about  equally  difficult  to  displace  or  to  improve 
Prom  the  idea  of  fluidity  spring  naturally  the  bydrostatical  notions  of 
I'resBurs  and  level  surfaces,  or  the  arrangement  of  fluid  masses  in  strata 
ofnaiform  density.  Hence  follows,  also,  tbe  notionof  continuity  of  in- 
crease  in  density  from  the  surface  toward  the  center  of  the  Earth.  All 
of  the  principal  mechanical  properties  and  effects  of  the  earth's  mass, 
^z,  the  ellipticity,  the  surface  density,  the  mean  density,  tbe  preces- 
"ioD  constant,  and  the  lunar  inequalities,  were  correlated  by  Laplace  § 

*  Stokfs,  O.  O.,  HalkeMatica!  and  Pligmeal  Paperi,  Cambridge  Untversity  Press,  IHeO, 
'ol-  U. 

tOtodesy,  Chap.  xiv. 

:  KelmcTt,  Dr.  i'.  R.,  DU  Matkemaliichen  »Hd  PhsMaltteheit  Theorietn  Oer  Hvhtrat 
'inditie,  L«ipzig,  1B80,  1S84,  II  Tell- 

*  Hieaniqm  CitfU,  Tome  v,  Livre  xi. 
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in  iv  single  bypotliesis,  iovolving  only  one  assumption  in  addition  to 
thatof  origioal  flaidity  and  the  law  of  gravitation.  This  assnmptioii 
relates  to  the  compressibility  of  matter  and  asserts  that  the  ratioof  tlie 
jucreoient  of  pressare  to  the  increment  of  density  is  proportional  to  the 
density.  Many  interesting  and  striking  conelusioos  follow  readily  from 
this  hypothesis,  but  the  moat  interesting  and  important  are  those  relA- 
tive  to  density  and  pressare,  especially  the  latter,  whose  dominance  as 
a  factor  in  the  mechanics  of  celestial  masses  seems  destined  to  snrvife 
whether  the  hypothesis  stands  or  falls.  The  hypothesis  requires  that, 
while  the  density  increases  slowly  from  something  lees  than  3  at  the 
surface  to  aboQt  11  at  the  center  of  the  Earth,  the  pressare  within  the 
mass  increases  rapidly  below  the  surface,  reaching  a  value  surpassiDg 
the  crushing  strength  of  steel  at  the  depth  of  a  few  miles  and  amoont- 
ing  at  the  center  to  do  less  than  3,000,000  atmospheres.  The  infer- 
ences, theo,  as  distiuguished  firom  facts,  are  that  the  mass  of  the  Earth 
is  very  nearly  symmetrically  disposed  about  its  center  of  gravitj-,  that 
pressure  atid  density  except  near  the  surface  are  mutually  dependent, 
and  that  the  earth  in  reaching  this  stage  has  passed  through  the  8nid 
or  quasi-fluid  state. 

Later  writers  have  suggested  other  hypotheses  for  a  continuous  dis- 
tribution of  the  earth's  mass,  but  noue  of  them  can  be  said  t«  rival  tbe 
hypothesis  of  Laplace. .  Their  defects  lie  either  in  not  postulating  adi- 
rect  couuection  between  density  and  pressure  or  in  postulating  a  eoa- 
nectioD  which  implies  extreme  or  impossible  values  for  these  and  otber 
mechanical  properties  of  the  mass. 

It  is  clear,  from  tbe  positiveuess  of  his  langnage  in  fluent  allusiMtH 
to  this  conception  of  the  earth,  that  Laplace  vas  deeply  impressed  with 
its  esseutial  correctness.  "  Observations,"  he  says,  '*  prove  iDcoutesta- 
bly  that  the  densities  of  the  strata  (couches)  of  tbe  terrestrial  spheroid 
increase  f^om  the  surface  to  the  center,"*  and  "the  regularity  wiUi 
which  the  observed  variation  in  length  of  a  second's  pendalnm  follows 
the  law  of  squares  of  tbe  sines  of  the  latitudes  proves  that  the  sinta 
are  arranged  symmetrically  about  the  center  of  gravity  of  tbe  earth.^f 
The  more  recent  investigations  of  Stokes,  to  which  allusion  has  already 
been  made,  forbid  our  entertaining  anything  like  so  confident  an  opin- 
ion of  tbe  earth's  primitive  fluidity  or  of  a  symmetrical  aud  continnoos 
arrangemeut  of  its  strata. ,  But,  though  it  must  be  said  that  the  saffi- 
cieucy  of  Tiaplace's  arguments  has  been  seriously  impugned,  we  can 
bardly  tbiuk  the  probability  of  the  correctness  of  his  oonclosious  bu 
been  proportiouately  diminished. 


*  "EdAq  il  (Newlon)  ngarde  1&  lerre  oamme  homog^DB,  oe  qai  eat  «oiilr«ire ui 
obMrvAttoDS,  qui  proavsnC  incont«8tKblement  qae  1m  deotiMs  dM  ooachea  do  apb^ 
tolda  t«rreiitre  oroiBscDt  de  In  sarfaoe  fta  ceotTe."     Mioa*ique  C4tmtt,  Toine  V,  p.  9. 

t  "La  rdgnlBTitti  mveo  loqnelle  la  Tftristioa  observiSe  des  loaKuenrs  da  poodalel 
Mcondes  suit  la  loi  do  oarrri  dn  siaas  de  la  latitade  pronve  que  oes  ooDohes  aont  dii- 
poa^M  r^gnll^renteDt  aatour  du  oentnj  de  gravity  de  la  terre  et  qae  leor  forme  «•(  i 
peu  prta  elliptiqne  et  d«  revolution."    Ibid.,  p.  17. 
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Sappose,  however,  tbat  we  reject  the  idea  of  origiDBl  floidity. 
Would  not  a  rotating  mass  of  the  size  of  the  earth  assume  flnatly  the 
same  aspects  and  properties  presented  by  our  plaoet  T  Would  not 
pressnro  and  centrifugal  force  suffice  to  bring  aboot  a  central  coodensa- 
tioaandasymoietricalarrangeDaent  of  slrat-a  similar  at  least  to  tbat 
required  by  the  Laplacian  byiiotbesiat  Categorical  auswera  to  these 
^oeatioDB  can  not  be  given  at  present.  But,  whatever  may  have  been 
the  anteoedent  eonditioD  of  the  earth's  mass,  the  conclusion  seema  una. 
Toidable  that  at  no  great  depth  the  pressure  is  sufficient  to  break  down 
thb  Btmctaral  characteristics  of  all  known  substances,  and  hence  to 
prodace  viscous  flow  whenever  and  wherever  the  stress  difference  oz> 
ceeda  a  certain  limit,  which  cnn  not  be  large  in  comparison  witli  the 
pressure.  Porely  observatiooal  evidence,  also,  of  a  highly  affirmative 
kind  in  support  of  this  conclusion,  is  afforded  by  the  remarkable  results 
ofTresca's  experiments  on  the  flow  ofeolids  and  by  the  abundant  proofe 
in  geology  of  the  plastic  movements  and  viscous  flow  of  rocks.  With 
aaoh  views  and  facts  in  mind  the  flaid  stage,  considered  indispensable 
by  Laplaoe,  does  not  appear  necessary  to  the  evolution  of  a  planet,  even 
if  it  reach  the  extreme  refinement  of  a  close  falfltlment  of  some  such 
mathematical  law  as  that  of  his  hypothesis.  If,  as  is  here  assamed, 
preerare  be  the  dominant  factor  in  such  large  masses,  the  attainment 
of  a  stable  distribution  would  be  simply  a  question  of  time.  The  fluid 
mus  might  take  on  its  normal  form  in  a  few  days  or  a  few  months, 
Thereas  the  viscous  mass  might  reqnire  a  few  thousand  or  a  few  million 
jears. 

Some  physicists  and  mathematicians,  on  the  other  hand,  reject  both 
the  idea  of  existence  of  great  pressures  within  the  earth's  mass,  aud 
the  notion  of  an  approach  to  continuity  in  the  distribntion  of  density. 
Aji  representing  this  side  of  the  qnestion  the  views  of  the  late  M.  Koohe, 
who  wrote  much  ou  the  constitution  of  the  earth,  are  worthy  of  consid* 
eration.  He  tells  ns  that  the  very  magnitude  of  the  ceutral  pressure 
computed  on  the  hypothesis  of  fluidity  is  itself  a  peremptory  objection 
to  that  hypothesis.*  According  to  his  conception,  the  strata  of  the 
earth  from  the  center  outwards  are  substantially  self-supporting  and 
nnjielding.  It  does  not  appear,  however,  that  ho  had  submitted  this 
coneeption  to  the  test  of  numbers,  for  a  simple  calculation  will  show 
tlist  no  materials  of  which  we  have  any  knowledge  would  sustain  the 
■tress  in  such  shells  or  domes.  If  the  crust  of  the  earth  were  self-sup- 
porting, its  crushing  strength  would  have  to  be  about  thirty  times  that 
of  the  best  cast  steel,  or  five  hundred  to  one  thousand  times  that  of 
granite.  The  views  of  Roche  on  the  distribntion  of  the  terrestrial 
denidtiea  appear  eqnally  extremct    He  prefers  to  consider  the  mass  as 


*  Mtmoirt:  mtr  THal  inUrienr  (hi  globe  terratre,  pnr  H.  dtouanl  Hocbo ;  Memoirea  de 
UiMti«tidnacl«aoMdel'AeBd«niiBdeflScieDcei)etLettTesaeHoutpe11ier,  1680-1884 
ToBiex. 
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made  up  of  two  rlUtinct  parte,  an  outer  shell  or  crust  whose  tbickoess 
is  about  one-sixtii  of  the  earth's  radius,  andasolidnncleoshaviDglittie 
or  DO  central  condeoMtlou.  The  nucteuB  is  conceived  to  be  pai^y 
metallic,  and  to  have  about  the  same  density  as  iron.  To  account  for 
geological  yheuomena,  he  postulates  a  zone  of  fusion  separatjog  the 
crust  fh)m  the  nucleus.  The  whole  hypothesis  is  oonsieteutly  worke«l 
oat  in  conformity  with  the  reqairements  of  the  ellipticity,  the  enperficial 
density,  the  mean  density,  aud  precession ;  so  that  to  one  who  can 
divest  his  mind  of  the  notion  that  pressare  and  contiunity  ar<>  impor- 
taut  factors  in  the  mechanics  of  such  masses,  the  pictore  which  Boche 
draws  of  the  constitution  of  onr  planet  wiU  present  nothing  iuoongra- 
ons. 

In  a  field  so  little  explored  and  so  inaccessible,  though  hedged  about 
an  we  have  seen  by  certain  sharply  limiting  conditions,  there  is  room 
for  a  wide  range  of  opinion  and  for  great  freedom  in  the  play  of  hypoth- 
esis ;  and  although  the  preponderance  of  evidence  appears  to  be  iu  faTor 
of  a  terrestrial  mass  in  which  the  reign  of  pressare  ie  well-nigh  absolute, 
we  should  not  be  surprised  a  few  decades  or  centuries  hence  to  find 
many  of  onr  notions  ou  this  subject  radically  defective. 

If  the  problem  of  the  constitution  and  distribution  of  the  earth's  mass 
is  yet  an  obscare  and  difficult  one  after  two  oentaries  of  observatioD 
and  investigation,  can  we  report  any  greater  degree  of  success  in  the 
treatment  of  that  still  older  problem  of  the  earth's  internal  heat;  of  its 
origin  and  effectsf  Ooucerning  phenomena  always  so  impressive  and 
often  80  terribly  destrnotive  as  those  intimately  connected  with  the 
terrestrial  store  of  heat,  it  is  natural  that  there  should  be  a  cousideis- 
ble  variety  of  opiuiou.  The  consensus  of  such  opinion,  however,  has 
long  been  in  favor  of  the  hypothesis  that  heat  ia  the  active  canm  of 
mauy  and  a  potent  factor  in  mostof  the  grander  phenomena  which  geol- 
ogists assign  to  the  earth's  cinst;  and  the  prevailing  interpretatioD 
of  these  phenomena  is  based  on  the  assumption  that  our  planet  is  a 
cooling  sphere  whose  enter  shell  or  crust  is  constantly  cracked  and 
crumpled  in  adjusting  itself  to  the  shrinking  nncieus. 

The  conception  that  the  earth  was  originally  an  intensely  hnated  and 
molten  mass  appears  to  have  first  taken  something  like  definite  form 
in  the  minds  of  Leibnitz  and  Descartes.*  But  neither  of  these  philos- 
ophers was  armed  with  the  necessary  matheoiatical  equipment  to  sub- 
ject this  conception  to  the  test  of  numerical  calculation.  ludeetl,  it  was 
not  fashionable  in  their  day,  any  more  than  itia  with  some  philosopherH 
in  ours,  to  undertake  the  drudgery  of  applying  the  machinery  of  aualj- 
sis  to  the  details  of  an  hypothesis.  Nearly  a  century  elapsed  before  an 
order  of  intellects  capable  of  dealing  with  this  class  of  qnestions  ap 
peared.     It  was  reserved  for  Joseph  Fourier  to  lay  the  foundation  and 

'FroUiji^,  oil  ilu  U  rormitioii  ut  il«8  i^voliilionH  ilii  glulM-,  par  IjCtbnilE,  uuvrs|fr 
trodiiite  -  -  -  uvea  uiiii  iiitimliiulioii  ut  dvA  iioles  jmr  lo  Dr.  Boctrand  de  Saim- 
Qerraaiu.'PariH,  l«r>i». 
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bniid  a  great  part  of  the  saper-stractnre  of  oar  modern  theory  of  heat 
diffnaioD,  his  avowed  desire  being  to  solve  the  great  problem  of  terres- 
trial heat.  "The  question  of  terrestrial  teuiperatare8,"he  saya,  ^'ha» 
ilv«.T8  appeared  to  as  oue  of  the  grandest  objecta  of  cosmologiual 
Btudies,  and  we  have  had  it  principally  in  view  in  establishing  the 
mathematical  theory  of  heat."*  This  ambition  however  was  only 
pirtlf  realized.  Probably  Fourier  under-estimated  the  ditncnlties  of 
bis  problem,  for  his  most  ingenious  and  indnstrious  successors  in  the 
Bame  field  have  made  little  progress  beyoud  the  limits  he  attained. 
But  the  work  he  left  is  a  perennial  index  to  his  genius.  Though  quite 
ioadeqaately  appreciated  by  bis  contemporaries,  the  Analytical  Theory 
of  Heat,  which  appeared  in  1820,  is  now  conce<led  to  be  one  of  the  epoch- 
making  books.  Indeed,  to  one  who  has  caught  the  spirit  of  tho  eztraor- 
dinary  analysis  which  Fourier  developed  and  illustrated  by  nunierons 
applications  iu  this  treatise,  it  is  evident  that  he  oitened  a  field  whose 
moarces  are  still  far  from  being  exhausted.  A  little  later  Poisson  took 
np  the  same  class  of  qneetious  and  published  another  great  work  on  the 
oatliematical  theory  of  heat,  t  Poisson  narrowly  missed  being  the  fore- 
most mathematiciao  of  his  day.  In  ongioality,  iu  wealth  of  mathe- 
tnatical  resources,  and  in  breadth  of  grasp  of  physical  principles  he  was 
tbe  peer  of  the  ablest  of  his  contemporanes.  In  lucidity  of  exposition 
it  voold  be  enough  to  say  that  he  was  a  Frenchman,  but  he  seems  to 
bare  excelled  in  this  peculiarly  national  trait.  His  contributions  to  the 
theory  of  heat  have  been  somewhat  overshadowed  iu  recent  times  by 
tbe  earlier  and  perhaps  more  brilliant  researches  of  Fourier,  but  no 
etDdent  can  afford  to  take  up  that  entidng,  though  difficult,  theory  with- 
out the  aid  of  Poisson  as  well  as  Fourier. 

It  is  natural,  therefore,  that  we  should  inqnire  what  opinions  these 
freat  masters  iu  the  mathematics  of  heat  diffusion  held  concerning  the 
earth's  store  of  heat.  I  say  opinions,  for,  unhappily,  this  whole  subject 
ia  still  so  largely  a  matter  of  opinion  that,  in  discussing  it,  oue  may  not 
ioappropriately  adopt  the  famous  caution  of  Marcos  Aurelius,  **Re- 
loeoiber  that  all  is  opinion."  It  does  not  appear  that  Fourier  reached 
uy  de&nite  conclusioD  on  this  qaetttion,  though  he  seems  to  have  favored 
tbe  view  that  tho  Earth  iucooliugfroman  earlier  stat«  of  incandescence 
leached  finally  throagh  convection  a  condition  in  which  there  was  a 
DDirorm  distribution  of  heat  throughout  its  mass.  This  is  the  conai»ten- 
tiorrtatKa  of  Leibnitz,  and  it  begins  with  the  formation  of  the  earth's 
ffOfit,  if  not  with  the  consolidation  of  the  entire  mass.  It  thus  afifords 
u  initial  distribution  of  beat  and  an  epoch  from  which  analysis  may 
■tart,  and  the  problem  for  tbe  mathematician  is  to  assign  the  subse- 


"'LaqneatioD  dM  tempdratniea  terreetres  nous  a  toujonra  parnuD  des  plusfiTBiKiii 
ohiete<lca6ta<lMCOsmo1o;iiquM,etiiona  I'avioQs  priDnipBlemeDt  en  vne  en  ^tablitMDt 
)a  lliterie  rnkthrimatique  de  la  clialenr."  Annttltt  de  Chimie  rt  de  Pki/tique,  ISl*,  tome 
nvii,  p.  159.  * 

'  TUorU  UatifnatiqHr  ilt  la  Ckalevr,  ParJH,  J83r.. 
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qneot  dintribntioD  of  beat  and  the  resulting  mecbBDical  effects.  Bat  no 
great  amoant  of  reflectioD  ia  uecesaary  to  convini^  one  that  the  analyeia 
can  not  proceed  witbont  making  a  few  more  assumptions.  The  assump- 
tions whicb  involve  the  least  difBculty,  and  which  for  tbia  reason,  partly, 
have  met  with  moat  favor,  are  that  the  condoctivity  and  thermal  capadty 
of  the  entire  mass  remain  constant,  and  that  the  heat  conduoted  to  the 
surface  of  the  earth  passes  off  by  the  combined  process  of  ladiatioo, 
convection,  and  condnction,  without  producing  any  aeneible  effect  od 
surroDuding  space.  These  or  similar  assumptions  most  be  made  before 
the  application  of  theory  can  begin.  lu  addition,  two  data  are  essen- 
tial to  numerical  calculations,  namely,  the  diffuaivity,  or  ratio  of  the 
conductivity  of  the  mass  to  its  thermal  capacity,  and  the  initial  onifono 
temperature.  The  first  of  these  can  be  ob'aerved,  approximately,  at 
least;  the  second  can  only  be  estimated  at  present  With  respect  to 
these  important  points  which  must  be  considered  after  the  adoption  of 
the  oonaiateRtior  status,  the  writings  of  Fourier  afford  little  light.  He 
was  content  perhaps  to  invent  and  develop  the  exquisite  analysis  requi- 
site to  the  treatment  of  such  probleuin. 

Psisson  wrote  much  on  the  whole  subject  of  terrestrial  temperatures 
and  carefully  considered  moat  of  the  troublesome  details  which  lay  be- 
tween his  theory  and  its  application.  While  he  admitted  the  nebular 
hypothesis  and  an  initial  fluid  state  of  the  Earth,  he  rejected  the  notioa 
that  the  otwerved  increase  of  underground  temperature  is  doe  to  a  prim- 
itive store  of  heat.  If  the  Earth  was  originally  fluid  by  reason  of  ite 
beat,  a  supposition  which  Poisson  regarded  quite  gratuitous,  he  con- 
ceived that  it  must  cool  and  consolidate  from  the  center  outwards ;  *  so 
that  according  to  this  view  the  crust  of  our  planet  arrived  at  a  condi- 
tion of  stability  only  atter  the  supply  of  heat  had  been  exhausted.  But 
Poisson  WHS  not  at  a  loss  to  account  for  the  observed  temperature  gra- 
dient in  the  earth's  crust.  Always  fertile  in  hypotheses,  he  advanced 
the  idea  that  there  exists  by  reason  of  interstellar  radiations^  great 
variations  in  the  temperature  of  space,  some  vast  regions  being  com- 
paratively cool  and  others  intensely  hot,  and  that  the  present  storv  ot 
terrestrial  beat  was  acquired  by  ajourney  of  tbesolar  system  through 
one  of  the  hotter  regions.  "Such  is,"  he  says,  "iu  my  opinioo,  the  true 
cause  of  the  nnguientation  of  temperature  which  occurs  as  we  descend 
below  the  surface  of  the  globe."!  This  hypotbeisis  was  the  resolt  tA 
Poisson'a  mature  reflection,  and  as  such  is  well  worthy  of  atteDtion. 
The  notion  that  there  exist  hot  foci  in  space  was  advanced  also  id  »a- 
other  form  in  1852  by  Banhiiie,  in  his  interesting  speculation  on  the 
re-concentration  of  energy.  But  whatever  we  may  think  of  the  hypoth- 
esis  as  a  whole  it  dees  not  appear  to  be  adequate  to  the  case  of  the 


'Tli4orie  UaUiAnatique  de  la  Chaleur,  i^appl^ment  de,  PftriB,  1937. 

f'Telleest,  dana  moo  opiaiOD,  laa>nM  v^titBblBilel'aagtoeDtBtioD  d< 
qui  alien  Bur  cbaqae  vertioale  kmeanre  qnel'oD  a'abaisMan-dewaiiidfl 
glob»."^rA<Me  ifaUtfniaHgM  d*  la  Chaltw,  SappUoMiit  de,  p.  1&. 
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Esrtb  DDless  we  sappose  tbe  epoch  of  transit  throngh  the  liot  region 
eiceedingly  remote  and  the  temperature  of  that  region  exceedingly 
higlL  TbecoDtinaily  of  geological  and  paleontological  phenomena  is 
nach  better  satisfied  by  the  Leibnitzian  view  of  an  earth  long  subject 
to  comparatively  constant  aurfacu  conditions  but  still  active  with  the 
energy  of  its  primitive  heat. 

KoCwitbstanding  the  indefatigable  and  admirable  labors  of  Fourier 
anilPoisBon  in  this  fluid,  it  must  be  admittetl  that  tbey  accomplished 
little  more  than  the  preparation  of  the  nnichiiiery  with  which  their  suc- 
cessors have  sought  and  are  still  seeking  to  reap  the  harvest.  The  dif- 
GcDlties  which  lay  in  their  way  were  not  mathematical  but  physioil. 
Had  tbey  been  able  to  make  out  the  true  conditions  of  the  earth's  store 
of  heat,  they  would  undoubtedly  have  reached  a  liigli  grade  of  perfec- 
tioa  in  the  treatment  of  the  problem.  The  theory  as  they  left  it  was 
niDch  in  advance  of  observation,  and  the  labors  of  their  successors  have 
therefore  necoBsarily  been  directed  largely  towards  the  determination 
of  the  tbermnl  properties  of  the  earth's  crnst  and  mass. 

Of  those  who  in  the  present  generation  have  contributed  to  our 
kiioirledge  and  Btimutate<1  the  investigation  of  this  subject,  it  is  hardly 
Necessary  to  say  that  we  owe  most  to  Sir  William  Thomson.  He  has  made 
llieqneetion  of  terrestrial  tem[)eratDreH  highly  attractive  and  instructive 
In  astronomers  and  mathematicians,  and  not  less  warmly  interesting  to 
geologists  and  paleontologists.  Whether  we  are  prepared  to  accept  his 
conclasioDs  or  not,  we  must  all  acknowledge  our  indebtedness  to  the 
mitribations  of  bis  master  hand  in  this  field  as  well  as  in  most  other 
Selils  of  terrestrial  physics.  The  contribntion  of  special  interest  to  ua 
in  (his  conaectiou  is  his  remarkable  memoir  on  the  secular  cooling  of 
Ihe  Earth.^  In  this  memoir  ho  ado|)t»  tbe  simple  hypothesis  of  a  solid 
^here  whose  thermal  properties  remain  invariable  while  it  cools  by  con- 
ilnciion  from  an  initial  state  of  auiform  temperature,  and  draws  there- 
to] certain  striking  limitations  on  geologic  time.  Many  geologists 
■ere  startled  by  these  limitations,  and  geologic  thought  and  opinion 
^re  since  been  widely  influenced  by  them.  It  will  be  of  interest  there- 
lore  to  state  a  little  more  fully  and  clearly  tbe  grounds  from  which  his 
irguments  proceed.  Conceive  a  sphere  having  a  uniform  temperature 
^itially,  to  cool  in  sv  medium  which  instantly  dissipates  all  heat  brought 
1))' conduction  to  its  snrface,  thus  keeping  the  surface  at  a  constant 
'Biiilterature.  Suppose  we  have  given  the  initial  excess  of  the  sphere's 
lemperatnre  over  that  of  the  medium.  Suppose  also  that  the  cai>acity 
iTihe  mass  of  the  sphere  for  the  diffusion  of  heat  is  known,  and  known 
In  leuain  invariable  during  the  process  of  cooUug.  This  capacity  is 
'ailed  diffu si vity,  iiud  is  a  constant  which  can  be  observed.  Tbeofrom 
hese  data  tbe  distribntion  of  teiu[>erature  at  any  future  time  can  be 
•nigned,  and  hence  also  the  rate  of  temperature  increase,  or  the  tem- 

'  Traiuactioiu  oftkt  Sofal  Socitln  of  JCdinbnrgli.  I8C  >.  Thomson  aod  Tait'a  Natural 
'til««oph)r,  vol,  I,  Part  3,  AppeudiK  D.  CkniQ  Ic 

D.  Mia.  129 13  '-^ 


194  THE  MATHEMATICAL  THEORIES  OF  THE  EABTH. 

peratore  gradieat,  from  tbe  earface  towards  the  water  of  the  sphera 
can  be  computed.    It  is  tolerably  certam  tbat  tbe  beat  conducted  from 
the  interior  to  tbe  sarface  of  tbe  Earth  does  not  eet  np  any  re-acttoa 
which  in  any  sensibledegree  retards  tbe  process  of  cooling.    It  escapee 
so  freely  tbat,  for  practical  pnrposes.  we  may  say  it  is  iaatantly  dis- 
sipated.   Hence,  if  we  can  assame  that  the  Earth  bad  a  specified  nni 
form  temperature  at  the  initial  epoch,  and  caa  assame  its  diBheivity  to 
remain  coostaut,  tbe  whole  history  of  cooling  is  known  so  soon  as  we 
determine  tbe  diffusivity  and  tbe  temperature  giadieut  at  any  point 
Now,  Sir  William  TbomsoD  determined  avaloefor  the  diffusiWty  from 
measaremeots  of  the  seasonal  variations  of  ander-gronnd  temperatures, 
and  numerous  observations  of  the  increase  of  temperature  with  depth 
below  the  earth's  surface  gave  an  average  valoe  for  the  temperatnre 
gradient     From  these  elements,  and  from  an  assnmed  initial  tempera- 
ture of  7000<^  Fahr.,  be  infers  that  geologic  time  is  limited  to  something 
between  twenty  million   and  four  hundred  million  years.     He  says: 
"We  must  allow  very  wide  limits  in  sncb  aa  eetimate  as  I  have  attempted 
to  make;  but  I  think  we  may  with  much  probability  say  that  thecon- 
solidation  can  not  huve  taken  place  less  than  20. million  years  ago,  or 
we  should  have  more  undergroond  heat  than  we  actually  have,  nor  more 
than  400  million  years  ago,  or  we  should  not  have  so  much  as  tJite  least 
observed  uudergronud  increment  of  temperature.    Tbat  is  to  say,  I  ooe- 
elude  tbat  Leibnitz's  epoch  of  emergence  of  the  consUtetitior  xtatiu  via 
probably  between  those  dates."     These  conclusions  were  aaooanced 
twenty-seven  years  ago  and  were  re-published  without  modification  in 
1883.    Becently,  also,  Professor  Tait,  reasoning  from  tbe  same  basis^ 
has  insisted  with  equal  confidence  ob  cutting  down  tbe  upper  limit  of 
geologic  time  to  some  sncli  figures  aa  ten  million  or  fifteen  million  years.* 
As  mathematicians  and  astronomers,  we  must  all  confess  to  a  deep  iater- 
est  in  these  conclusions  and  the  hypothesis  from  which  they  flow.     They 
are  very  important  if  true.    Biit  what  are  the  probabilities  T    Having 
been  at  some  pains  to  look  into  this  matter,  I  feel  bound  to  state  that, 
although  tbe  hypothesis  appears  to  be  the  best  which  can  be  formnlated 
at  present,  the  odds  are  against  its  correctness.    Its  weak  links  are  the 
nnverified  assumptions  of  an  initial  uniform  temperatnre  and  a  constant 
diffusivity.    Very  likely  these  are  approsimations,  but  of  what  inder 
we  can  not  decide.    Futbermore,  if  we  accept  the  hypothesis,  the  odd> 
appear  to  be  against  the  present  attainment  of  trustworthy  numerieil 
results,  siuoe  tbe  data  for  calculation,  obtained  mostly  fh>m  observa- 
tions OD  continental  areas,  are  far  too  meagre  to  give  satisfactory  avei^ 
age  values  for  the  entire  mass  of  tbe  earth.    In  short,  this  phase  of  the 
case  seems  to  stand  about  where  it  did  twenty  years  ago,  when  Huxleyj 
warned  us  that  the  perfection  of  our  mathematical  mill  is  no  guaranty! 
of  tbe  quality  of  the  grist,  adding  that,  "  as  tbe  grandest  mill  will  not 

*  Recent  Advanoea  in  Pbyaicnl  Science,  Londoo,  1876. 
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eitract  wlit!»t  tloui'  from  peascoils,  so  pages  of  formulsB  will  not  get  a> 
definite  result  out  of  loose  data.''* 

Wlieu  we  pass  from  the  restricted  domain  of  quautitative  results 
coDceniin^;  geologic  time  to  tlie  freer  domain  of  qualitative  results  of  a 
^neral  character,  tlie  contractional  theory  of  the  earth  may  be  said 
siill  to  lead  all  others,  though  it  seems  destiaed  to  require  more  or  less 
modification  if  oot  to  be  relegated  to  a  place  of  secondary  importance. 
Uld,  however,  as  is  the  notion  that  the  great  surface  irregularities  of 
tbe  earth  are  bat  the  outward  evidence  of  a  crumpling  crust,  it  is  only 
recently  that  this  notion  has  been  subjected  to  mathematical  analysis 
an  anything  like  a  rational  basis.  About  three  years  ago  Mr.  T.  Mel- 
lanl  Beadet  announced  tbe  docirice  that  tbe  earth's  crust  from  the 
joint  effect  of  its  heat  and  gravitation  should  behave  in  a  way  somewhat 
aoalogons  to  a  bent  beam,  and  should  possess  at  a  certain  depth  a 
''level  of  no  strain"  corresponding  to  the  neutral  surface  in  a  beam. 
Above  the  level  of  no  strain,  according  to  this  doctrine,  the  strata  will 
besohjected  to  compression  and  will  nndergo  crumpling,  while  below 
tbat  level  the  lendeucy  of  the  strata  to  crack  and  part  is  overcome  by 
preisnre  which  produces  what  Beade  calls  "compressive  extension," 
Ihm  keeping  the  nucleus  compact  and  continuous.  A  little  later  the 
Mma  idea  was  worked  out  independently  by  Mr.  Obarles  Davison,^  and 
it  lias  since  received  elaborate  mathematical  treatment  at  the  bands  of 
Darwiu,^  Fisher,!!  &»<!  others.  The  doctrine  requires  for  its  application 
■  oompetent  theory  of  cooling,  aud  hence  can  not  be  depended  on  at 
present  to  give  anything  better  than  a  general  idea  of  the  mechanics  of 
,  tnifflpUng  and  a  rough  estimate  of  tbe  magnitudes  of  the  resulting 
^ts.  Using  Thomson's  hypothesis,  it  appears  that  the  stratum  of  no 
■train  moves  downward  from  the  surface  of  tbe  earth  at  a  nearly  con- 
lUnt  rate  (luring  the  earlier  stages  of  cooling,  bat  more  slowly  daring 
liter  stages;  its  depth  is  independent  of  the  initial  temperatnre  of  tbe 
forth ;  and  if  we  adopt  Thomson's  value  of  the  diffusivity,  it  will  be 
■bout  two  and  a  third  miles  below  the  surface  in  a  hundeed  million  years 
tcom  the  beginning  of  cooling,  aud  a  little  more  than  fourteen  miles 
below  the  surface  in  seven  hundred  million  years.  The  most  important 
inference  from  this  theory  is  that  tbe  geological  effects  of  secular  cooling 
•ill  be  couBned  for  a  very  long  time  to  a  comparatively  thin  crust.  Thus, 
if  the  earth  is  a  hundred  million  years  old,  crumpling  should  not  extend 
BDch  deeper  than  two  miles.    A  test  to  which  the  theory  has  been  sub- 

'OtologioIReronn  (The  Anniversnry  Address  to  tbe  Geologieal  Society  for  1699). 

tKude,  T.  Mallard,  Origin  of  MonntslD  Ranges,  LoDdoo,  1886. 

lOn  tbe  DiBtribation  of  Strain  id  tbe  Eartb's  Crust  rBHaltlng  from  Secular  Cooling 
*HhqieeiBl  reference  to  the  growth  of  continents  and  the  formation  of  monutain 
Aaini,  By  Cbarlee  Daviaon,  with  »  note  bj  Q.  H.  Darwin.  Pkilotophical  iyaii$ae- 
■"•,  ToL  178  (1887),  A,  pp.  231-249. 

(n>d. 

I  Fiiber,  Kev,  Oemood,  Physics  of  the  Earth's  Crnst,  second  edition,  London,  IBH), 
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jected,  and  ooe  wbicb  Bume  *  conaider  crncial  agaiost  it,  is  the  volametric 
amount  of  crampliag  showu  by  tbe  Earth  at  the  present  time.  TfaU  U 
a  difficult  quantity  to  estimate,  bat  it  appears  to  be  mucb  greater  than 
tbe  theory  nan  acooant  for. 

The  opponents  of  the  eontractional  theory  of  the  Earth,  believing  it 
quantitatively  insufficient,  have  recently  revived  and  olaboiated  an 
idea  first  suggested  by  Babbagef  and  Herschel  in  explanation  of  tbe 
greater  folds  and  movements  of  tbe  crnst  This  idea  figures  the  cmet 
as  being  in  a  state  bordering  on  hydrostatic  eqiiilibriaoi,  vhich  can  not 
be  greatly  disturl>ed  without  a  re- adjustment  and  consequent  movement 
of  tbe  masses  involved.  According  to  this  view  the  transfer  of  any 
eoiisiderable  toad  from  one  area  to  another  ia  followed  sooner  or  later 
by  a  depression  over  the  loaded  area  and  a  corresponding  elevation 
over  the  unloaded  one,  and  in  a  general  way  it  is  inferreil  that  tbe  ele- 
vation of  continental  areas  tends  to  keep  pace  with  erosion.  Tbe  proc- 
ess by  which  this  balance  is  maintained  has  been  called  isostasy,}  and 
the  crust  is  said  to  be  in  an  isostatic  state.  The  dynamics  of  tbe  snper- 
ficiul  strata  with  the  attendant  plienomena  of  folding  and  faulting  are 
thus  referred  to  gravitation  alone,  or  to  gravitation  and  whatever  op- 
posing force  the  rigidity  of  the  strata  may  offer.  'In  a  matbemalical 
sense,  however,  the  theory  of  isostasy  is  in  a  less  satisfactory  state  tbu 
the  theory  of  contraction.  As  yet  we  can  see  only  that  isostasy  istn 
efficientcanso  if  once  Sut  in  action,  but  how  it  is  started  and  to  what  ex- 
tent it  is  adequate  remain  to  be  determined.  Moreover,  isostafiy  do« 
not  seem  to  meet  the  requirements  of  geological  eoutinuity,  for  it  tends 
rapidly  towards  stable  equilibrium,  and  the  crust  ought  therefore  to 
reach  a  state  of  repose  early  in  geologic  time.  But  there  is  no  evidence 
that  such  a  state  has  been  attained,  and  but  little  if  any  evidence  (rf 
diminished  activity  in  crustal  movements  during  recent  geolog^ic  time. 
Hence  we  infer  that  isostasy  is  competent  only  on  tbe  supposition  that 
it  is  kept  in  notion  by  some  other  cause  tending  constantly  to  disturb 
the  equilibrium  wbicb  would  otherwise  result.  Such  a  cause  is  found 
in  secular  contraction,  and  it  is  not  improbable  that  these  two  seem- 
ingly divergent  theories  are  really  supplementary. 

Closely  related  to  the  questions  of  secular  contraction  and  the  me- 
chanics of  crust  movemeuts  are  those  vexed  questions  of  earthquakes, 
volcauism,  the  liquidity  or  solidity  of  the  interior,  and  the  rigidity  of 
tbe  earth's  mass  as  a  whole ; — all  questions  of  the  greatest  interest,  but 
still  lingering  on  tbe  battle-fields  of  scientific  opinion.  Many  of  the 
"thrice  slain"  combatants  in  these  contests  would  fain  risk  beiiigslain 
again ;  and  whether  our  foundation  be  Itqaid  or  solid,  or,  to  speab  more 

*  Notftbl;,  R«v.  Osmond  Fialier.     See  hlaPbynios  of  the  Earth's  Cmst,  oh>pt«r  viii. 

t  Appendix  to  tbe  NiDth  BridgewatorTr«atise(byC.  Babbagef,  lecond  odition,  Loo- 
dou,  18:!8. 

tDiitton,  Copt.  C.E.  Oh  some  of  tbe  Greater  Problems  of  Pbyaical  Oeolog;, 
fKllelia  Philotophieal  Socitly  of  Wathitigton,  vol.  zi,  pp.  51-64. 
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pteciBely,  nhetlier  the  Eartb  may  uot  be  at  once  highly  plaotic  under 
tbe  action  of  long-coDtiiiued  forues  and  highly  rigid  nnder  the  action 
of  periodlo  forces  of  short  period,  it  is  pretty  certain  that  some  .years 
must  elapse  before  the  arguments  will  be  convincing  to  all  coiicerned. 
The  difficalties  appear  to  be  due  principally  to  our  profound  ignorance 
oi  tlie  properties  of  matter  subject  to  the  joint  action  of  great  pressure 
uDi]  great  heat.  Tlie  conditions  wbicb  exist  a  few  miles  beneath  the 
Borface  of  tbe  earth  are  quite  beyoud  the  reach  of  laboratory  tests  as 
hitlierto  developed,  but  it  is  not  clear  how  our  knowledge  is  to  be  im- 
proved without  I'esort  to  experiments  of  a  scale  in  some  degree  com- 
|iarsble  with  tbe  facta  to  be  explained.  In  the  mean  time,  therefore,  we 
may  expect  to  go  ou  theorizing,  adding  to  the  long  list  of  dead  theories 
which  mark  tbe  progress  of  scientific  thought  with  the  hope  of  attain- 
ing (he  truth  not  so  much  by  direct  discovery  as  by  tbe  laborious  process 
of  eliuiinatlng  error. 

When  we  take  a  more  comprehensive  view  of  tbe  problems  presented 
b.v  the  Earth,  and  look  for  light  on  their  solution  in  theories  of  cosmog- 
Duy,  the  diGQcnIties  which  beset  us  are  no  lesa  numerous  and  formidable 
thau  those  encountered  along  special  Hues  of  attack.  Much  progress 
has  recently  been  made,  however,  in  the  elaboratiou  of  such  theories. 
Bocbe,*  Darwiu.f  and  others  have  done  much  to  remove  the  nebulosity 
of  Laplace's  nebular  hypothesis.  Poincar^  }  andDarwio§  have  gone  far 
tovuds  bridging  the  gaps  which  have  long  rendered  the  theory  of  ro- 
UtJDgflaid  masses  incomplete.  Poincar^  baa,  iu  fact,  shown  us  bow  a 
bomogeneoos  rotating  mass  might,  through  lossof  heatand  oonsequeut 
nutractioD,  pass  from  the  spheroidal  form  to  tbe  Jaoobian  ellipsoidal 
ftrn,  and  tbeuce,  by  reason  of  its  increasingspeed'of  rotation,  separate 
iito  two  unequal  masses.  Darwin,  startingwith  a  swarm  of  meteorites 
ud  gravitation  as  a  basis,  bas  reached  many  interesting  aud  instructive 
nsnlts  io  the  endeavor  to  trace  out  the  lawsof  evolution  of  a  planetary 
i!^nt.||  But  notwithstanding  the  splendid  researches  of  these  and 
Mher  investigators  in  this  field,  it  must  be  said  that  tbe  reai  case  of 
UHBolar  sj'stem,  or  of  tbe  earth  and  moon,  stilt  defies  analysis;  and 
that  the  mechanics  of  tbe  segregation  of  a  planet  from  the  sum,  or  of  a 
nieUite  &om  a  planet,  if  such  an  event  has  ever  happened,  or  the 


'  Eami  aar  la  CoDHtitation  et  I'origine  du  Hystiiiiia  oolaire,  pnrU.Cdonaiil  Kuche. 
Vraeirttderjoadimit  Oet  Sete^ett  el  LetWa  da  Montpelliiv,  Tome  viii,  1973. 

(Od  ths  pT«ceaeioD  of  »  Vucodn  Spheroid  a.ad  oa  the  remole  Histar;  of  the  Kartb, 
I^.  IVau.,  Part  il,  1S79.  On  tbe  •ecalor  chaages  in  tbe  ElemeDts  of  the  Orbit  of  a 
hiBliite  revolTiug  about  a  tidally  djttorted  Planet,  Phil.  Tram.,  Part  II,  IBdO.  On 
tko  Tidal  Filclion  of  a  Planet  attended  h;  Beveral  6atellitea,  aud  on  tbe  Evolution  of 
tt«  Solar  Syatam,  PHI.  Tram.,  Part  u.  IHHl. 

i  SuT  I'tqnilibre  d'nne  mawe  floide  aniiu^e  d'uu  mouvemept  de  rotation.  Acta 
JfflttMlka,  vol  T,  iea5. 

^Oq  fignrMof  Equilibrium  of  Rotating Haaam  of  Fluid,  Phi!.  Tram.,  vol.  ITS,  1887. 

I  On  tbe  Mechanical  Conditioae  of  a  Swaim  of  Meteoritee  and  on  Tbeorlee  ot  Cos- 
Bogony,  pjiij.  Tramt.,  vol.  180,  1889. 
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tnechanica  of  the  erolaticn  of  a  solar  Bystem  ftvm  a  swarm  of  meteor- 
ites, arc  still  far  from  beiog  clearly  made  oat. 

Time  doea  not  i>eriDit  loe  to  make  auytliiug  bat  the  briefest  allnskHi 
to  the  comparatively  new  Rcieuce  of  matbematicat  meteorology  with 
Its  already  considerable  list  of  well-defliied  theories  pressiug  for  aoeept- 
aoce  or  rejection.  Nor  need  I  say  more  with  reference  to  thoseolder 
mathematical  qnesttous  of  tbo  tides  and  terrestial  magoetism  than  that 
they  are  still  unsettled.  These  audmaay  other  questions,  old  and  new, 
might  serve  equally  well  to  illustrate  tbe  principal  fact  that  this  address 
has  been  designed  to  emphasize,  namely,  that  the  mathematical  theories 
of  the  earth  already  advanced  and  elaborated  are  by  do  means  com- 
plete, and  that  no  mathematical  Alexander  need  yet  pine  for  other 
worlds  to  conqncr. 

Speculations  concerning  the  coarse  and  progress  of  scieDoe  are 
Qsually  nbtrustwortby  if  not  altogether  faltactons.  Bnt,  being  dele- 
gated for  the  hoar  to  apeak  to  and  for  mathematiciaasandastronomeis, 
!t  may  be  permissible  to  offer,  in  closing,  a  single  suggestion,  which  will 
perhaps  help  as  to  orient  ourselves  ari^t  in  our  various  fields  of  re- 
seaicb.  If  tbe  curve  of  scientiflo  progress  in  any  domain  of  thought 
could  be  drawn,  there  is  every  reason  to  believe  that  it  would  exhibit 
considerable  irregularities.  There  would  be  marked  maxima  and  mia- 
ima  in  its  general  teudeaoy  towards  the  limit  of  perfect  knowledge;  and 
it  seems  not  improbable  that  the  carve  would  show  throughout  some 
portions  of  its  length  a  more  or  less  definitely  periodic  succession  of 
maxima  and  minima.  Races  and  communities  as  well  as  individuals, 
the  armies  in  pursuit  of  truth  as  well  as  those  in  pursuit  of  plunder, 
have  their  periods  of  cuinjinating  activity  and  their  periods  of  placid 
repose.  It  is  a  curious  fact  that  the  history  of  the  mathematical  theories 
of  the  earth  presents  some  such  periodicity.  We  have  the  marked  max- 
imum of  tbe  epoch  of  Newton  near  the  end  of  tbe  seventeentb  century, 
with  the  equally  marked  maximum  of  the  epoch  of  Laplaee  near  the  cud 
of  the  eighteenth  eeutnry ;  and,  judgiug  from  the  receut  revival  of  geo- 
desy and  astronomy  in  Kuro|)e,and  fix>m  tbe  well-nigh  general  activity 
in  mathematical  and  geological  research,  we  may  hope,  if  not  expect,  that 
the  cod  of  the  present  century  will  signalize  a  similar  ei>och  of  productive 
activity.  The  uiiuima  periods  which  followed  the  epochs  of  Newton  and 
Xiaplace  are  less  definitely  marked  but  not  less  noteworthy  and  iostnict 
ive.  They  were  not  periods  of  placid  repose;  to  find  sach  one  most  go 
back  into  thenight  of  the  middle  ages;  but  they  were  periods  of  greatly 
diminished  energy,  periods  during  which  those  who  kept  alive  the 
spirit  of  investigation  were  almost  as  coiispicuoas  for  their  isolation  as 
for  their  distingniahed  abilities.  Many  oaases,  of  coarse,  contributed  to 
produce  these  miuima  periods,  and  it  would  l>e  an  interesting  study  in 
philosophic  history  to  trace  out  the  tendency  and  effect  of  each  eauMe, 
It  is  desired  hero,  however,  to  c:tU  attention  to  only  one  caose  which 
ooutrihuted  to  the  somewhat  general  apathy  of  the  periods  meotioned, 
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aud  vbich  always  tbreateus  to  tlampen  tbo  anlor  of  research  imiue- 
'liatelf  ader  the  atraiiiment  of  any  marked  siicceas  or  advance.  I  refer 
to  the  impreasion  of  vont«iitmeut  with  and  acriuiesuence  in  the  results 
of  science,  which  seems  to  find  easy  access  to  trained  ns  well  as  aii- 
irained  miuds  before  an  investigfttion  is  half  comi)leted  or  even  fairly 
h«fDn.  That  some  nacb  tacit  persuasion  of  the  completeiieaa  of  the 
knowledge  of  the  earth  has  at  times  pervaded  scientific  thoaght,  there 
an  be  no  doubt.  This  was  notably  the  case  daring  the  period  which 
folioffwi  the  remarkable  epoch  of  Laplace.  The  profound  impression 
of  the  ijufQciency  of  tbe  brilliaat  discoveries  and  advances  of  that  epoch 
isaptly  described  by  Carlyle  iti  the  half  humorous,  half  sarcastic  lan- 
guage of  Sartor  Besartas.  "  Our  theory  of  grantation,"  he  says,  "is 
a!<g<K>d  as  perfect:  Lagrange,  it  is  well  known,  has  proved  that  tbe 
liUnetary  system,  on  this  scheme,  will  endure  forever;  Laplace,  still 
more  eanoiugly,  even  guesses  that  it  could  not  have  been  made  on  any 
other  scheme.  Whereby,  at  least,  our  nautical  logbooks  can  be  better 
kept;  and  water  transport  of  all  kinds  has  grown  more  commodious. 
Of  geo1ogy,and  geognosy  we  know  enough ;  what  with  tbe  labors  of 
onr  Werners  and  Eluttons,  what  with  tbe  ardent  genias  of  their  disci. 
pies,  it  has  come  about  that  now,  to  many  a  royal  society,  the  creation 
nf  a  world  is  little  more  mysterious  than  the  cooking  of  a  dumplingt 
eoDceming  which  last,  indeed,  there  have  been  minds  to  whom  the 
qoestioD — Bow  the  apples  icere  got  tn^^presented  difficulties,"  This  was 
*rttteu  nearly  sixty  years  ago,  about  the  time  tbe  sage  of  Ectslefecbau 
al)»idoned  his  mathematics  and  astronomy  for  literature  to  become  tbo 
Her  of  Chelsea;  but  the  force  of  its  irony  is  still  applicable,  for  we 
hve  yet  to  learn,  essentially,  "flow  th«  applet  were  got  tn"  and  what 
kind  they  are. 

An  to  tbe  fatare,  we  can  only  gaesa,  less  or  more  vaguely,  f^om  our 
tupwtenee  in  the  past  and  from  our  knowledge  of  present  needs. 
Tboagh  tbe  dawn  of  that  future  is  certainly  not  heralded  by  rosy  tints 
or  overconfidence  amongst  those  acquainted  with  the  difficulties  to  be 
overcome,  the  prospect,  on  the  whole,  has  never  been  more  promising. 
lleeoDverging  lights  of  many  lines  of  investigation  are  now  brought 
to  be>r  on  tbe  problems  presentetl  by  our  planet.  There  is  ample 
c^asoi  to  suppose  that  our  day  will  witness  a  fair  average  of  those 
b^ppy  accidents  in  science  wbicb  lead  to  the  discovery  of  new  princi- 
plea  &d4  new  methods.  We  have  much  to  expect  from  the  elaborate 
»i«cbinery  and  |kerfected  methods  of  the  older  and  more  exact  sciences 
of  measnriiie  A><d  weighing — astronomy,  geodesy,  physics,  and  cbein- 
iitry.  We  bai^e  more  to  expect,  perhaps,  from  geology  nnd  meteorology, 
*iUi  their  vast  accumulation  of  facts  not  yet  fully  correlated.  Much, 
^,  nt^  be  aat4eipated  trom  that  uew  astronomy  which  looks  for  the 
**'CKis  of  tbe  earth's  origin  and  history  in  nebulous  msRses  or  in  Kwarnis 
*>f  meteorites.  We  have  the  encourajtiiig  stiinuliia  of  ii  very  general 
And  rapidly  .growing  popniar  concern  in  tbe  objects  of  our  inquiries, 
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!i>iiu8  for  tbo  diesemiDatiou  of  new  iuformation ;  so 
y  gain  the  n«lvautage  of  a  concentration  of  eiipr<>y 
ion  of  persoHiil  interests.  To  those,  tlierefore,  wbo 
eqaisites  of  endless  patience  and  uudagfritiEiiidnxtry, 
e  the  remorselesa  discipline  of  repeated  failure  nntl 
artlal  success,  the  field  ia  as  wide  and  as  inviting  as 
;wton  or  a  Laplace. 
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ON  THE  PHYSICAL   STRtTOTCRE  OF  THE  EARTH.' 


By  IIenbt  Hennessy,  F.  R.  8. 


The  Htractore  of  tbe  Eartb,  as  a  mechauical  and  iibysical  qaestion,  is 
closely  couaected  with  the  origiu  au<]  formatiOD  of  its  satellite,  and  of 
tbe  planets  and  satellites  belonging  to  the  same  solar  system.  The 
brilliant  results  obtained  during  the  present  and  precediug  centniy  by 
the  aid  of  oiatlienintical  analysis,  whereby  the  motions  of  those  bodies 
have  been  brought  within  tbe  grasp  of  dynamical  laws  may  have  led 
to  the  notioD  that  by  similar  methods  many  obscure  problems  relating 
to  tbe  planet  we  iobabit  might  be  accurately  solved.  But  although 
the  general  configuratioti  of  the  Earth  and  planets  has  been  treated 
mathematically,  with  results  which  leave  little  to  be  desired,  when 
applications  of  analytical  methods  are.  attempted  to  questious  of  de- 
t^l  in  terrestrial  structure,  tbe  complication  of  the  conditions  is  so 
great  as  to  impose  the  uet^ssily  on  some  investigators  of  so  altering 
these  conditions  as  to  make  their  results  perfectly  )uap|>ticable  to  the 
T«al  state  of  the  Earth.  Physical  geology  presents  problems  tbe  solu- 
tion of  which  undoubtedly  calls  for  meclianical  and  physiual  considera- 
liousj  bat  tbese  may  in  general,  under  the  couiples  nature  of  the 
phenomena,  be  often  better  reasoned  out  without  the  employment  of 
ibe  symbolical  methods  of  analysis.  lu  most  cases  tbe  conditions  are 
totally  unlike  those  above  alluded  to,  which  admit  of  precise  numerical 
compntatioua.  The  heterogeneous  character  of  the  rocks  composing 
the  Earth's  crust,  nnd  the  probably  varied  nature  of  the  matter  compos- 
ing its  interior,  render  mathematical  applications  rarely  possible,  and 
Mmetimes  misleading  Such  views  seem  to  be  gradually  gaining 
Btrengtb  among  geologists  who  pay  atteutiou  to  questions  of  a  general 
Qalare,  and  iio  one  has  beeter  expressed  them  in  recent  times  than 
Prof.  M.  E,  Wadsworth.t 

Xlje  principle  upon  which  I  have  ventured  to  found  all  my  researches 
OD  terrestrial  physics  is  this :  to  reason  on  tbe  matter  composing  the 
globo  from  our  knowledge  of  the  physical  and  mechanical  properties 


'From  tbe  X.  K.  D.  PKilotopkical  Maganut,  SeyteiiilwT  ami  October,  IdSC,  vol. 
XXII,  pp.  233-251  and  328-331. 
t  "Litfaological  Stuil'iM."    Mtaioin  of  BanarA  Colttge  Muieum,  vol.  1,  p.  3,  and 
I  ^r<i(tiniltit,  Jone,  ies4,  p.  5^. 
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of  its  TDRterials  wbich  come  under  onr  notice.  Of  tlieee  properties  tbe 
most  importAiit  are  density,  compressibility,  aud  contraction  or  dilation 
from  cbanges  of  temperature.  Newton  and  other  pbilosopbera  have 
•  already  adopted  tbe  same  principle  to  a  limited  extent,  when  assaming 
for  tbe  mass  of  fluid  composing  tbe  Earth  in  its  primitive  condition 
those  specific  properties  which  have  been  assigned  to  all  kinds  of  flaids 
observed  at  the  surface.  It  is  impossible  to  frame  any  statement  mora 
erroneous  and  mislending  than  that  I  have  endeavored  to  render  the 
qnestion  more  hypothetical  than  it  was.  On  the  contrary,  I  have  dis- 
carded the  invariable  assumption  of  mathematictaus  who  treated  tbe 
qnestion,  namely,  tbe  hypothesis  of  the  invariability  of  positions  of  the 
particles  composing  the  solidifying  earth.  Tbe  specnlations  of  all 
rational  inquirers  upon  the  Earth's  internal  structure  mast  uecesssrily 
start  from  tbe  same  general  principle  as  above.  Some  investigators 
have  disregarded  that  principle  and  made  tbe  problem  thereby  a  poiely 
mathematical  exercise. 

lit  order  to  reason  upon  the  Earth's  figure,  we  must  assume  thattlie 
laws  of  flnid  equilibrium  apply  to  the  inner  portions  .of  the  fluid  aswell 
as  tbe  onter.  There  is  uotbiug  hypothetical  in  reasonings  as  to  tbe 
formation  of  the  solid  shell  and  the  law  of  increase  of  elliptidty  of  its 
inner  surface  as  a  result  of  the  transition  of  the  formerly  fluid  matterto 
tbe  state  of  solidity.  On  the  contrary,  the  assumptions  of  Mr.  Hopkins 
and  other  mathematicians,  that  this  transition  created  no  change  intiie 
law  of  density  of  the  matter  composing  tbe  Earth  and  in  the  ellipticitf 
of  the  strata  of  equal  pressure,  are  not  merely  hypothetical;  they  are 
directly  opposed  to  well-established  physical  and  mechanical  laws. 

On  tbe  other  hand,  those  who  have  concluded  that  nothing  can  be 
known  of  the  form  of  tbe  flnid  nuclens  seem  to  deny  that  tbe  recognized 
laws  of  matter  apply  to  tbe  internal  condition  of  the  Eartb.  The  shape 
of  the  nuclens  and  the  figures  of  its  stiata  of  equal  deusity  follow  from 
physical  and  mechanical  laws,  just  as  the  forms  of  the  isothermul  sur- 
faces within  the  spheroid  follow  from  tbe  known  laws  of  conduction  of 
heat.  Some  of  the  mechanical  reasonings  regarding  tbe  strata  of  the 
nucleus  and  the  structure  of  tbe  solid  shell  can  be  presented  withaot 
employing  mathematical  symbols,  and  in  what  follows  I  have,  as  far  as 
possible,  avoided  the  use  of  such  symbols. 

This  conrse,  moreover,  possesses  the  advantage  of  making  many 
parts  of  reasonings  more  clear  to  geologists  and  observers  of  the  strati- 
graphical  featqns  of  tbe  Earth,  who  are  in  reality  the  ultimate  judges 
of  the  matter,  and  not  mathematicians.  The  necessity  uuder  wbich 
the  latter  are  constrained  when  dealing  with  problems,  of  throwing  tbe 
preliminary  propositions  into  simple,  welldefiued  shapes,  admitting  of 
definite  deductions,  obliges  them  to  overlook  the  most  essential  oondi- 
tious  of  the  very  questions  at  issue,  and  they  thus  arrive  at  results 
which  may  be  precise,  but  wbich  are  totally  inconclusive  with  reference 
to  the  Earth's  structure. 
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THE   MBCHAHICAL    AND    PHYSICAL     FROPEBTIES     OP     THE    HATTER 

coaiPosiNa  the  earth. 

(1)  The  materials  of  the  Earth  miist  manifestly  inflaeuce  its  geDernl 
Btractare^  and  no  inquiries  with  this  stracture  can  be  asefully  made  if 
llie  phygioAl  propeKies  of  thesd  materials  are  not  liept  iu  Tiew.  If  tbe 
inU>riorof  tiie  Barth  ia  in  a  fluid  state  it  ia  reasonable  to  believe  that 
the  flaid  ia  Dot  tbe  ideal  substance  Oalled  by  math^tnatieiana  a  perfect 
liquid,  namely,  a  sabatance  not  only  endowed  with  perfect  mobility 
among  its  particles,  but  also  absolutely  incompressible.  It  is  more  rea- 
BODable  to  believe  that  the  Quid  in  question  resembles  the  liquid  out- 
pourings of  volcanoes,  or  at  least  some  real  and  tangible  liquid  whose 
properties  have  been  experimentally  studied.  I  have  already  shown 
that  by  overlooking  this  simple  principle  certain  untenable  conclnsions, 
which  assert  the  exclusively  solid  character  of  the  Earth,  have  been 
deduced.  Here  I  propose  to  develop  some  additional  arguments  rola- 
tireto  one  of  the  properties  of  liquids  which  has  an  essential  bearing 
opon  the  internal  structure  of  the  Earth. 

{2)  In  a  former  paper,  on  the  limits  of  hypotheses  regarding  the 
properties  of  matter  composing  the  Earth's  interior,*  I  find  that  hav- 
ing referred  to  published  statements  where  the  facts  were  not  clearly 
pnt  forward,  I  underrated  the  compressibility  of  liquids  as  compared 
with  solids.  The  influence  of  the  imperfect  experiments  of  the  Aca- 
ilemiadel  CImento  has  long  injuriously  operated  iu  defining  liquid  and 
Hdid  matter,  and  has  produced  a  remarkable  conflict  of  opinions. 

On  taking  tbe  results  of  the  best  experimental  investigations  it 
appears  that,  although  liquids  are  but  slightly  compressible  as  com- 
pared with  gases,  they  are  highly  oompressible  as  compared  with 
wlids.  Ia  many  treatises  on  physios  and  mechanics  which  have  a  high 
it-pntation,  matter  is  divided  into  solids,  elastic  fluids  or  gases,  and 
incompressible  fluids  or  liquids.  Hence  tbe  erroneous  inference  seems 
tfthave  arisen  thnt  liquids  are  incompressible,  not  only  in  comparison 
with  gases,  but  also  iu  comparison  with  solid  bodies.  I  was  surprised 
to  find  this  remarkably  misleading  proposition  formally  stated,  long 
^r  the  decisive  experiments  of  Oersted,  Oolladou,  and  Sturm,  Iteg- 
nult,  Wertheim,  and  Qrassi,  in  such  a  work  as  Ponillet's  El^ents  de 
Pkjfnqtte,  and  also  in  tbe  German  translation  by  Miillor.  The  great 
eompmssibility  of  liquids  as  compared  with  solids  is  seldom  affirmed  as 
a  distinct  general  proposition  in  books  on  physics.  It  occurs,  however, 
in  Deschanel's  treatise,  both  in  the  original  and  in  the  Bnglisb  edition. 
Daguio  states,  in  vol.  i  of  bis  Traiti  de  Physique,  2d  edition,  p.  40,  that 
the  compressibility  of  liquids  was  long  considered  doubtful,  but  never- 
theless tbey  are  more  compressible  than  solids. 

lAni6  also  pointed  out  the  great  compressibility  of  liquids  as  cum- 

*  PkUo*opkiea!  Magaxint  for  October,  ISre,  p.  36S. 
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pared  witli  solids.  I  bave  before  now  referred  to  the  statement  of  Uic 
same  propoaitioa  ia  the  comprehenaive  work  of  tbe  late  Prof.  G.  F, 
NauinanD,  tbe  Lekrbuch  der  Qeognosie,  vol.  l,  p.  269, 3d  edition.* 

Altbougli  in  luauy  plijaical  questions  tbe  compressibility  of  liqaide 
may  be  neglected  as  well  as  the  compressibility  of  solids,  we  are  not 
entitled  to  assume  at  any  time  tbat  the  latter  are  relatively  more  com- 
pressible than  the  former.  lu  questions  where  the  pressure  of  colauius 
of  liquid  of  great  magnitude  comes  under  cousideratiou  we  can  ao 
longer  treat  the  liqnid  as  iucompressible.  In  the  problem  of  oceanic 
tides  the  iocompreasibility  of  the  water  has  t>een  assumed,  but  iC  a 
planet  were  covered  with  water  to  a  depth  of  100  miles  it  would  be 
scarcely  correct  to  make  such  au  assumption.  Tbe  compressibility  ia 
negligible  ia  a  small  mass  of  water,  but  it  can  not  be  neglected  io  a 
large  mass.  Sncb  au  assumptiou  is  equally  nnwarrantable  with  re{:ard 
to  properties  of  matter  which,  though  negligible  in  some  problems,  are 
not  in  others.  Thus  in  tbe  common  hydraulic  questions  liquids  are 
assumed  to  be  incompressible ;  it  would  be  more  correct  to  say  tbe  eom- 
prossiibility  is  ueglected.  In  small  problems  connected  with  bmited 
portions  of  the  atmosphere  tbe  compressibility  of  air  may  be  also  neg- 
lected, but  we  could  not  ueglect  it  for  a  high  column  of  tbe  atmosphera. 
If,  as  before  remarked,  the  Earth  were  sorronnded  with  an  ocean  100 
miles  deep,  the  compressibility  of  tbe  water  could  not  be  well  over- 
looked iu  tidal  qaeations;  then,  d,  fortiori,  compressibility  can  not  be 
neglected  iu  snch  a  problem  as  tbe  tides  of  a  liquid  spheroid  having  i 
radius  uearly  equal  to  tbat  of  the  earth.  This  is  immediately  made 
mauifest  by  expressing  tbe  compressibilities  of  liquids,  not  io  terms  of 
the  amount  due  to  a  single  atmosphere  of  pressure,  as  is  done  in  most 
tabulated  groups  of  results,  but  by  some  very  maoh  greater  standard, 
such  as  one  or  two  thousand  atmospheres.  In  the  ezpcrimentu  of  Pit- 
kinst  the  highest  pressure  employed  was  2,000  atmospheres,  and  with 
this  be  reduced  a  column  of  water  by  nearly  one-twelfth  of  its  Tolnma 
The  results  of  experiments  with  great  pressures  such  as  this  are  liiglily 
illustrative  of  tbe  force  by  which  a  duid  may  be  compressed  iu  tbe 
Earth's  interior.  Tbe  actual  coefficients  of  cubical  compressibility,  on 
which  calculations  could  be  based,  may  be  partly  obtaineil  from  tbe 
more  exact  researches  of  Regnault,  Orassi,  and  other  recent  experi- 
ments, or  from  special  investigations  ou  flaid  matter  conducted  witb 
precautions  such  as  these  observers  bave  employed.  By  then  compar- 
ing tbe  moduli  of  compressibilities  calculated  from  pressures  of  1,000 
or  10,000  atmospheres  there  could  be  no  possibility  of  overlooking  llie 
consequences  as  to  the  relations  of  liquids  aud  solid  bodies  iu  any  caae 
where  they  could  be  subjected  to  pressures  of  abnormal  magniLud& 

(3)  Tbe  propagation  of  Bouud  in  liquids  and  solids  gives  further  proof 
of  the  greater  compressibility  of  liquids. 

*  "FlUsatge  Kurperaind  aber  mit  eiaer  welt  stftrkeren  CompreMibiliUt  !Mg»b(,»lM 
Starrs  Kurper. "  ("   \i  \  1 1  ■ 
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Tlie  rat«  e  of  transmissiou  of  sound  in  solids  aod  liquids  is  a  fanc- 
tioD  of  tbeir  compressibilities.    lu  solids, 


vhere  E  is  the  modulus  of  elasticity  and  p  the  deusitj'.    In  liquids, 

vhere  /j  is  the  coefficient  of  cubic  compresatbility,  if  the  pressure  of 
tbe  atmosphere,  sud  a  the  deusity  of  mercury.  But  au  in  solids  the 
modnluB  of  elasticity  is  inversely  as  the  compressibility  it,  we  have 


Both  io  solids  and  liquids  tlie  velocity  of  sound  is  inversely  as  the 
Bqoare  roots  of  the  densities  and  compressibilities.  Although  eiich 
solids  as  metals  a^d  rocks  are  denser  than  most  liquids,  the  limits  of 
their  elastic  compresstbiliiy  are  so  much  less  that  sound  is  propagated 
far  more  quickly  through  such  solids  than  through  liquids.  In  steel 
and  metals  generally  this  has  been  long  since  eatablisUed.  .  In  rocks 
tbe  velocity  of  sound  has  been  computed  from  direct  experiment  by 
HalJet,  and  has  been  found  to  be  greater  in  coutinaous  homogeneous 
rock  than  the  velocities  observed  in  liquids." 

(4)  If  we  had  not  the  resnlts  of  direct  experiment  on  the  compressi- 
bilities of  liqaids  and  solids  to  assure  us  that  these  properties  in  liqaids 
Hre  in  excess  of  those  obtained  for  solids  we  might  fairly  infer  this 
cooclDsioD  from  the  relative  dilatability  of  such  substances  under  dif- 
fereaces  of  temperature.t  Tbe  construction  of  our  common  thermome- 
terg  is  baf^  on  the  greatly  superior  dilatability  of  the  liquids  inclosed 
ill  the  thermometer-tube  over  the  material  of  the  tube  itself.  Tbe 
dynamical  theory  of  beat  clearly  establishes  that  the  expansion  of 
solids  and  liquids  is  a  mechanical  action  as  much  as  tbeir  compression 
under  tbe  action  of  force,  and  tbe  substances  wbich  contract  l<rast  by 

'See  Pkiloiophioal  Traxiactioni  for  1861  and  1662. 

fBjyntimu  of  mttal*  atut  glatt  for  1°  C,  according  lo  thihng  and  Ptiil,  at  difftrenl 
lemptratare*  T. 
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cooliog  are  precisely  tbose  which  contract  least  nnder  pressnre.  Gases 
which  cootraot  moat  by  pressure  are  also  the  most  dilatable  by  heat 
Liquids  occupy  an  intennediate  place  between  solids  and  gases  in  nla- 
tioD  both  to  the  dynamical  effect  of  pressnre  and  the  action  of  loss  of 
beat.  If,  instead  of  the  experiment  of  the  Academia  del  Gimento  with 
globes  of  poroas  metal,  an  experiiueot  with  equally  strong  bat  imperri- 
oas  vessels  hud  been  made,  the  deformation  of  each  globe  would  have 
been  nuaccompanied  by  the  exudation  of  the  liqnid,  and  the  totally 
false  statement  that  solids  are  more  compressible  than  liqaids  would 
not  have  so  long  injnrioasly  influenced  physical  science. 

THE  BOTATIOM  OP  THE  EARTH  CONSIDEEIi^D  AS  PABTLT  VLVW  ASD 
PABTLT  SOLID. 

(1)  The  problem  of  the  preceseionat  motion  of  the  Earth  considered 
as  a  solid  shell  filled  with  liquid  devoid  of  viscidity  and  friction  bas 
beeu  elaborately  investigated  by  Mr.  Hopkins,  in  his  "Besearcbes  ot 
Physical  Geology,"  in  the  Philoaopkical  I'ransactiona  for  1839, 1840,  and 
184:j,and  the  result  obtained  by  him  has  beeu  of  ten  quoted  as  extitmely 
reiuarkable.  Before  treating  the  same  question,  it  may  be  neoesean' 
to  state  that  on  the  continent  of  Europe  the  application  made  by  Ur. 
Hopkins  of  his  result  to  geology  is  not  generally  admitted,  and  views 
such  as  1  have  always  firmly  upheld  seem  to  be  more  generally  adopted; 
but  some  confusion  appears  to  exist  as  to  Mr.  Hopkins's  results  and 
those  to  which  I  have  been  led.  Thnsinarecent  treatiseon  systematic 
geology  the  author  says,  with  reference  to  the  tbickuessof  the  solid 
crust  of  the  earth,  there  are  plainly  ouly  four  possibilities  to  be  thoa^^t 
of: 

1.  The  Earth  is  tbroagh  and  through  solid. 

2.  The  Earth  is  through  and  through  fluid,  with  a  solid  crnst 

3.  The  Earth  has  a  solid  nucleus  and  a  solid  crust,  with  fluid  stratom 
lying  between. 

i.  The  Earth  is  solid,  but  famished  with  cavities  which  are  filled 
with  fluid. 

The  first  and  last  of  these  possibilities  are  not  admissible,  aocording 
to  astronomical  observatious.  According  to  the  iuvestigatiors  (^  ' 
Hopkins  the  action  exercised  by  the  sun  and  moon  on  the  positiu  of 
the  Earth's  axis  in  space,  by  which  preceasioa  and  nutation  are  pro- 
duced, would  be  different  according  to  the  structure  we  attribute  to  the 
earth.  Tkevaluea  esM>lisked  b^  obaertation  compel  tu  to  regard  tJu  Mftt 
aa  for  the  most  part  i»  a  fluid  state,  in  order  that  the  results  vuty  har- 
monize with  catoutatjon  (Pfaff,  Orundriss  der  Geologie).  This  is  tbe 
reverse  of  what  Hopkins  has  concluded,  and  is  pi-ecisely  what  I  have 
long  since  enunciated,  which  1  have  always  coulinned  to  maiutiUu,  and 
which  forms  tbe  cnmnlatire  resnlt  of  the  investigations  in  the  t«xt  of 
this  paper.  In  a  report  to  the  Royal  Irish  Academy  ou  "  Experimoits 
on  the  Influence  of  the  Molecular  Inflaeu^e  of  Flqids  on  (beji  Motion 
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vhen  in  Botation,"  p.  67,*  I  referred  to  a  proof  obtained  by  me  of  the 
leralt  alluded  to,  and  I  now  may  be  allowed  to  aabmit  this  proof  to 
those  JDterested  in  the  qaestion. 

(2)  Let  D8  snpiiose  tbe  earth  to  consiBt  of  a  solid  spheroidal  shell 
composed  of  nearly  similar  spheroidal  strata  of  equal  density,  and 
huTiiig  the  ellipticities  of  tbe  inner  and  outer  sarfaces  small  and 
nearly  equal.  The  shell  ia  sapposed  to  be  fall  of  liquid  and  to  rotate 
aronnd  its  polar  axis.  Under  these  conditions  the  attraction  of  an 
exterior  body  would  tend  to  produce  pressnre  between  the  fluid 
nncleos  and  the  inner  surface  of  the  shell.  Whatever  may  be  tbe 
direction  of  this  pressure,  it  can  be  reaolved  into  a  force  normal  to  the 
shell's  surface  and  into  forces  in  its  tangent  plane.  The  normal  force 
might  be  effective  in  causing  a  deformation  of  tbe  shell,  or,  if  the  latter 
were  rigid,  it  would  be  destroyed  by  the  shell's  resistance. 

If  friction  existed  between  tbe  materials  of  the  shell  and  the  fluid  of 
the  nuclens,  tbe  resolved  forces  in  the  tangent  plane  would  tend  to 
change  tbe  rtotion  of  tbe  shell  from  the  motion  it  would  have  if  empty. 
Bat  if  no  friction  and  uo  adhesion  existed  between  the  particles  of  the 
liquid  and  the  shell's  nearly  spherical  surface,  and  if  the  particles  of  tbe 
Uqnid  are  free  from  viscidity  and  internal  friction  Eunong  themselves, 
tills  purely  tangential  component  oould  exercise  uo  influence  on  the 
uotionB  of  the  shell.  If  the  solid  envelope  containing  fluid  was  bounded 
by  planes  such  as  a  prismatic  vessel  or  box,  It  is  manifest  that  unequal 
normal  pressures  on  tbe  faces  of  such  prism  wonid  tend  to  produce 
Goaples,  and  thus  possible  rotations.  Sacb  a  case  has  been  considered 
by  Professor  Stokes,  and  he  has  shown  that  a  rectangular  prism  filled 
with  fluid  will  have  the  same  motion  as  if  the  fluid  was  replaced  by  a 
solid  having  the  same  mass,  center  of  gravity,  and  principal  axis,  but 
with  much  smaller  moments  of  inertia  corresponding  to  these  axes. 
But  in  a  continuously  curved  and  nearly  spherical  vessel  the  normal 
pressure  arising  from  the  disturbance  of  the  liqaid  could  not  produce 
the  same  results.  The  tangential  componente  of  the  forces  acting  at 
the  surface  of  the  liqnid  coald,  in  this  case,  be  alone  effective,  and  if  no 
friction  or  viscidity  existed  at  this  surface  sach  tauf^ntiat  action  would 
totally  disappear.  The  conclusion  of  Mr.  Hopkins's  first  memoir  is, 
Uiat  if  tbe  ellipticity  of  the  inner  and  outer  surfaces  of  the  solid  shell 
were  the  same,  precession  would  be  unafiected  by  the  fluid,  and  any 
email  inequality  of  nutation  would  be  totally  inappreciable  to  observa- 
tion (p.  423,  Fkil.  Trans.,  1839).  This  may  be  rendered  more  manifest 
by  recalling  the  geueral  equations  for  tbe  surface  of  a  fluid  obtained 
by  Poisson,  Navier,  Meyer,  and  other  mathematicians  when  the  Internal 
friction  of  the  fluid  Is  taken  into  account.  It  a,  /?,  y,  be  the  angles 
made  by  tbe  normal  to  the  curved  surface  of  the  finid,  X,  ¥,  Z  tbe  com- 
ponente parallel  to  tbe  rectangular  axes  of  x,  y,  and  z,  it  appears  that 
ve  shall  have  at  the  fluid  surface,  when  nearly  spherical, 

■/VvcMliKsi  o/B.  I.  J.,  SdseneB,  vol,  lu,  Soienue.     CjOOqIc 
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Mlmre  u,  t),  ui  are  componeats  of  velocity  parallel  to  tbe  coordinate 
axes,  and  where  %  is  a  coofQcicnt  dependiog  ou  friction  aud  viscidity. 
If  uo  viscidity  and  no  friction  exists  Tre  mast  have  &=0,  and  beoce 
also 

x=o,  r=o,  z=fi. 

NowjSsX,  riandZaretheeffectivecoraponeDtB  with  which  the  nearly 
spherical  maes  of  Quid  act«  at  its  surface  when  each  of  tbem  is  separ- 
ately e<]nal  to  zero,  it  follows  that  the  daid  can  do  uo  work  at  tbo  sar- 
face,  and  the  motions  of  tbe  shell  wonld  take  place  qnite  independently 
of  the  contained  mass  of  tluid  when  the  latter  is  totally  devoid  of  fric- 
tion and  viscidity. 

(3)  It  has  long  since  been  clearly  shown  tbat  tbe  motion  of  the  axis 
of  the  Earth,  considered  as  a  solid  body,  may  be  determiued  by  tbe 
differential  equations 

^1=  -    _    J  ^ 

dt  On  sin  C"  dO 

dO^ 1_      dV 

dt         (jn  Sin  W  df. 

F  is  the  potential  of  the  rotating  solid,  Cits  maximnm  moment  of  in- 
ertia, d  and  tp  direction  angles  of  tbe  axis  of  rotation.  lu  tbo  case  of 
the  Earth,  d  has  a  particalar  value  when  it  becomes  the  obliquity  of 
tbe  ecliptic,  and  ip  the  longitude  of  the  first  point  of  Aries.  It  follo^H 
tbat  tbe  determination  of  ^  and  0  at  any  time  depends  upon  C  and  1' 

By  analytical  transformations,  which  are  fully  given  by  Poissou  in 
bis  memoir  8nr  la  Jtotalion  de  la  Terre  autour  de  son  centre  de  Qraviii, 
and  by  other  writers,  It  finally  appears  that  the  variations  of  0  and  f 
depend  on  equations  iu  which  a  factor  enters  of  tbe  form 

2  C  -  ^  -  B 
V  ' 

where  A,  B,  C,  are  the  three  principal  moments  of  inertia  of  the  Earth. 
Id  a  spheroid  of  revolution  A  =  B,  and  thu  factor  becquies  — ^ — rf~~~' 
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Ab  preoeaaioi)  depends  esseatially  on  the  variation  of  the  angle  f,  it 
fotlowB  that  the  complete  expreBBion  of  the  factor  — 5j—  is  of  primary 
importaoce. 

H)  Mathematician  a,  daring  the  past  two  centuries,  have  devoted 
uineh  attention  to  the  question  of  the  flgore  of  a  rotating  mass  of  fluid, 
vith  especial  reference  to  the  explanation  of  the  spheroidal  figures  of 
the  earth  and  her  sister  planets.  Solutions  of  this  problem  have  been 
presented,  especially  by  Clairant,  Legnndre,  Laplace,  Oanss,  Ivory, 
■Facobi,  and  Airy ;  and  it  is  not  a  little  remarkable  that  in  applying 
ibese  solutions  to  tho  case  of  the  Earth  every  one  of  these  investi- 
gators has  not  only  supposed  the  Earth  to  have  been  originally  in  a 
MA  state,  but  that  the  particles  of  the  mass  retained  the  same  posi- 
tioaeaftersolidification  hadtakenplace.  This  taoitor  openly  expressed 
usnmptioD  of  the  anchangeable  position  of  the  particles  of  the  origi- 
nal Said  mass  on  their  passage  to  a  complete  or  partial  atate  of  solidity 
li«B  at  the  root  of  the  whole  qneation  of  the  Earth's  structure.  For  the 
Jist  tiue  in  the  treatment  of  the  physico-mathematioal  problem,  I  dis- 
tiactly  discarded  this  asanmption  and  I  affirmed  that  the  position  of 
cbe  particles  of  matter,  on  passing  from  the  state  of  fluidity  to  solid- 
tt;,  most  assume  positions  in  conformity  with  mechanical  and  physical 
Uws.  lu  this  way  the  hypothesis  of  the  Earth's  primitive  fluidity  be- 
nme  more  simple  and  much  more  rational ;  for  it  was  as  manifestly 
ibsard  \o  assume  that  the  particles  of  the  fluid  mass,  on  passing  into 
a  sulid  state  of  consistence,  retained  their  original  positions,  as  it  would 
betoasanme  that  if  the  whole  Earth  became  liqnefled  the  positions  of 
its  particles  would  be  unchanged.  The  corrected  and  simplified 
li,Tpothe8i8  is  also  frnitfnl  in  important  results ;  bntit  is  singular  that, 
ubr  as  I  am  aware,  no  mathemeticinn  seems  to  have  understood  or 
^preciated  its  bearing  on  the  physical  structure  of  the  Earth,  except 
U.  Plana,  by  a  remark  in  a  memoir  published  by  him  towards  the  close 
of  his  career. 

(5)  Before  presenting  my  conclosions  on  the  shape  of  the  inner  surface 
of  t^e  Boliditled  shell  and  Plana's  remark  relative  to  the  same  subject, 
it  is  necessary  to  recall  some  results  established  by  Clairant  and  fre- 
qoeDtly  put  forward  by  mathematical  investigators  of  the  Earth's  figure.  ' 
It  seems  to  be  universally  admitted  that  if  a  mass  of  heterogeneous  fluid 
nnpoaedof  strata  of  equal  density,  each  iucreasing  in  density  from  the 
KiUtce  of  the  mass  to  its  center,  is  set  in  rotation,  the  several  strata 
viU  be  spheroidal,  but  their  ellipticities  will  not  be  equal,  Tbp  elliptici- 
litt  will  decrease  from  the  outer  surface  toward  the  center.  This  law 
tf  decrease  of  ellipticity  toward  the  center  is  not  a  hypothetical  result, 
^t  a  necessary  deduction  from  the  properties  of  fluids.  As  all  known 
Soids  are  compressible,  Buch  an  arrangement  of  strata  of  equal  density 
**  that  referred  to  mnst  follow  from  the  snpiiosition  of  the  existence  of 
uy  mass  of  fluid  of  such  magnitude  as  the  whole  Earth.  The  iuorease 
H.  Mis.  129 14 
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of  tbe  Earth's  deosit;  from  its  Barfaee  to  its  oeoter  is,  luoreover,  a  &ct 
clearly  rBvea)e<l  by  the  mean  density  of  Die  Earth  being  double  tUatctf 
the  materials  oomiKtsiug  tbe  onteide  of  its  solid  shell. 
.  If  the  iDoreane  of  deDsity  in  going  from  tbe  surface  to  tlie  oentw  of 
a  large  mass  offinid  is  dne  to  compression  exercised  by  the  outer  upon 
tbe  inner  strata,  it  follows  that  the  greater  the  total  quantity  of  fluid 
the  greater  wilt  be  tbe  difference  between  the  density  at  its  snrikee  and 
its  center,  and  the  less  the  quantity  of  fluid  the  less  will  be  this  diffet- 
eace.  With  a  small  spheroid  of  compressible  fluid  the  variation  of 
density  might  be  neglected  and  the  mass  regarded  as  homogeneous. 
Suppose  such  a  small  mass  of  fluid  to  be  set  in  rotation,  its  snr&oeinll 
become  spheroidal,  and  it  will  have  tbe  well-knowo  ellipticit?  {  «,  where 
m  is  the  ratio  of  centrifugal  force  to  gravity  at  the  equator  of  tbe 
spheroid.  If  now  this  original  spberoid  be  supposed  to  be  overlud 
with  masses  of  the  fluid,  one  after  another,  the  inner  |>orti(Mi8  will  iw 
sensibly  compressed,  and  tbe  whole  mass  will  begin  to  ruy  in  density 
in  going  ftt>m  center  to  surface.  Tbe  outer  sur&ce  will  now  present  an 
ellipticity  less  that  {  m.  If  fresh  layers  of  flnid  are  continually  applied 
to  the  outer  surface,  the  variation  of  density  will  continue,  and  the  difier- 
ence  between  tbe  density  at  tbe  center  and  surface  will  increase.  Tbe 
ellipticity  of  the  outer  stratum  of  fluid  will  at  the  same  time  diminifili 
to  a  value  corresponding  to  the  law  of  density.  Let  ns  now  reverse fliis 
operation  and  suppose  a  great  mass  of  liquid  in  rotation;  its  outer 
stratum  will  be  less  dense  than  those  beneath,  and  its  greatest  denaitr 
must  be  at  the  center.  Let  the  outer  strata  of  eqoal  density  be  sdc- 
oessively  removed,  so  as  to  leave  a  succession  of  free  fluid  surfaces,  ontil 
a  spheroid  is  reached  in  which  the  difference  of  density  is  insensible.  It 
is  manifest  that  with  each  successive  removal  of  the  upper  stratum  cA 
liquid  the  compression  in  the  remaining  strata  becomes  reduced,  and 
also  the  variation  in  density  from  surface  to  center,  until  this  variatioe 
becomes  altogether  extinguished.  With  the  same  velocity  of  rotatjwi, 
the  ellipticities  of  the  surfaces  of  liquid  thus  successively  exposed  wonl^ 
increase  up  to  tbe  limiting  valne,  f-  m. 

If  at  any  time  of  the  Earth's  solidification  we  suppose  a  DDoleasol 
fluid  to  be  inclosed  within  the  solid  shell,  the  soccessive  increasing  a 
thickness  of  the  shell,  from  the  congelation  of  the  flnid  matter  of  tbi 
nucleus,  must  be  accompanied  by  the  removal  of  successive  outer  stnH 
from  the  nucleus.  From  what  bas  been  seen  already,  the  nnclens  win 
tend  to  acquire  an  increase  of  ellipticity,  and  therefore  to  mould  tht 
semifluid  jiasty  matter  about  to  )>ass  into  a  solid  state  into  a  shape-dJl 
ferent  from  what  it  would  have  if  no  change  whatever  in  tbe  positioB  ft 
tbe  particles  hnd  taken  place.  As  the  nucleus  is  supposed  to  be  in  i 
state  of  fusion  ftom  beat,  the  spccessive  Miditions  to  the  inner  snrbo 
of  the  shell  from  tbe  matter  of  the  ouclens  must  jiroceed  at  a  very  sloi 
rate.  Tbe  congelatiou  of  the  surface-stratum  of  tbe  nucleus  most  be  i 
process  of  the  same  order  of  slowness  as  the  flow  of  heat  through  thi 
shell;  and  the  matbeinatical  tbeocy  of  conduction  established  by  Foode 
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aliDirs  Uiat  this  can  not  proceed  otherwiae  than  slowly.  The  changes 
in  Hbape  of  the  surface  of  the  nucleus  would  be  correspondiuglf  slow 
ud  gradual.  When  once  a  comparatively  rigid  outer  crust  had  been 
formed,  the  process  of  moldiug  additional  strata  of  solidified  matter 
against  the  inner  sur&ce  of  the  crust  from  the  nadens  would  proceed 
jD  a  Blow  and  gradual  order,  so  that  the  resulting  solid  strata  would 
cunform  to  the  shape  impressed  npon  them  by  the  molding  forces.  A 
remarkable  illnstration  of  the  way  in  which  fnsed  matter  eject«d  from 
tbe  Earth's  interior  may,  while  toming  on  its  center  and  at  the  same 
time  cooling,  mold  itself  against  a  solid  crust  formed  upon  it  has  been 
adduced  hy  Charles  Darwin,  and  has  already  been  quoted  by  me  on  a 
former  occasion.  Prom  these  considerations  I  have  been  led  to  conclude, 
tiat  the  elliptieilj/  of  the  ihelVs  inaer  surfaee  may  exceed  but  can  not  be  leti 
tkeai^ellipticity  of  Us  outer  surface;'  and  referring  to  the  same  ques- 
tion, Plana  used  the  words,  "La  loi  dea  ellipticit^s  a  subi  danslepassage 
de  I'^tat  liquide  k  t'^tat  solide  une  alteration  sensible  par  laquelle  toates 
kfl  conches  se  sont  constitae^s  de  manifere  a  avoir  uit  mSme  applatisse- 
mmt  ft  pina  grand  que  le  pr^c^deat."  M.  Plana  has  further  stated  his 
Tjevs  in  the  same  rolnme  of  the  Astrowyamdte  Nackrickten  for  1852, 
thus:  "U  estpermis  depenser  que  ces  conches  (de  lafluide  int^rleuse) 
eo  ge  consolidant,  out  subi  des  modifications  k  la  verity  fort  petit«s,  mais 
wsez  grandes  pour  nous  emp£cher  de  pouvoir  d^river,  avec  tout  I'exacti- 
Cade  que  I'on  poorralt  soubaiter,  I'^tat  de  la  Terre  solid  de  son  ^tat 
ut^rienre  de  fiuidit^." 

This  paragraph  gives  a  distinct  adhesion  to  the  improved  form  of  the 
bjiwthesis  of  the  original  fluidity  of  the  Earth;  and  this  concurrence 
on  tlie  part  of  M.  Plana  is  the  more  important,  as  it  is  possible  that  he 
bad  formed  bisconclusionsiudepeDdeDtly.  He  refers  to  a  letter  written 
by  him  on  the  subject  to  Humboldt;  and  it  is  remarliable  that,  in  the 
Afth  aud  last  volume  of  "Cosmos,"  published  not  long  before  the  author's 
Oeath,  some  adjacent  notes  allude  to  Plana's  views,  and  contain  refer- 
ences to  the  investigations  of  Mr.  Hopkins  aud  to  my  early  researches. 

At  this  period  Humboldt  could  scarcely  have  had  time  to  examine 
the  mechanical  and  physical  reasonings,  and  be  merely  quoted  the 
papers  in  the  Philosophical  Transactions  as  if  he  had  seen  them  for 
the  Hrst  time.  I  am  notawareof  any  evidence  as  to  whether  Plana  bad 
kwffn  their  contents ;  and  it  is  possible  that  his  conclusions  as  to  the 
fonns  of  the  strata  of  the  shell  and  naclens  had  been  formed  independ- 
ntly,  though  pablished  a  short  time  after  my  investigations. 

The  annexed  figure  may  assist  in  making  clear  the  results  of  the  pre- 
ttding  paragraph.  The  outer  ellipse  represents  the  outline  of  the  exte- 
ncT  sur&ce  of  the  Earth's  crust,  which  is  shaded  and  bounded  inwardly 
by  a  surface  slightly  more  elliptical.  The  fluid  nucleus  included  within 
Uw  shell  is  represented  with  strata  decreasing  in  ellipticity  towards  Ibe 

*  Sm  the  Mil^oiDed  npruentatioii  of  »  Motion  af  the  shell  and  nuolaoa. 
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center.  Tbis  arrangemeut  ts  neceBsarily  followed  by  a  maaa  of  floid 
under  sncb  conditions  as  tbe  nacleua,  or  under  the  conditions  of  tbe 
entirely  fluid  Eartb.  If  the  matter  com- 
posing tbe  Bartb  underwent  no  change 
in  passing  from  the  fluid  to  the  solid 
Btnto,  instead  of  tbe  arraogement  here 
represented,  the  inner  surface  of  the 
shell  woubl  htive  a  smaller  ellipticity 
than  its  outer  surface,  and  tbe  strata 
of  the  shell,  as  veil  as  those  of  the  nu- 
cleus, would  be  less  oblate  in  going 
from  the  outer  surface. 

(ti)  It  is  important  to  distinctly  bear 
in  mind  that  the  constitution  of  the 

shell  and  nucleus  indicated  by  the  foregoing  reasonings  is  not  based 
on  any  hypothesis  of  a  specific  law  of  density  of  the  interior  stratu 
of  the  Eartb.  It  is  a  deduction  from  the  established  properties  of 
fluids  quite  as  vigorous  as  tbe  conclusions  regarding  the  spheroidal 
shape  of  a  mass  of  rotating  liquid.  On  tbe  other  band,  tbe  supposition 
tacitly  or  openly  made  by  Mr.  Hopkins  and  his  followers,  that  tbe  ellip- 
ticity of  tbe  inner  stratum  of  tbe  solid  shell  is  precisely  tbe  same  ns  that 
which  tbis  stnitum  had  when  fluid,  is  not  merely  a  hypothesia— it  is  w 
assumption  which  is  directly  contradicted  by  tbe  recognized  pbjsical 
properties  of  all  known  liquids,  and  even  contradicted  bythefnnda- 
mental  principles  of  hydrodynamics.  Upon  this  assumption  was  based 
the  calculation  of  tbe  ratios  of  tbe  inner  and  outer  ellipticities  of  tbe 
shell  which  would  correspond  to  the  observed  value  of  tbe  precession 
of  tbe  Eartb's  axis,  and  hence  tbe  liinitiug  value  of  tbe  thickness  of  the 
shell-  But  when  the  fuudamental  assumption  on  which  tbis  ratio  is 
calculated  is  shown  to  be  in  contradiction  to  physical  and  mechanical 
laws,  tbe  whole  of  the  conclusions  drawn  from  such  a  calcalatioo  mnst 
fall  to  the  ground. 

Id  tbe  Mecanique  C^teate,  Laplace,  following  Olairaut,  proved  that  if  the 
density  in  a  fluid  spheroid  decreases  from  tbe  center  to  the  surface,  tbe 
ellipticity  of  tbe  strata  of  equal  density  must  decrease  from  tbe  snrface 
towards  tbe  center.  This  result  forms  tbe  groundwork  of  some  of 
tbe  arguments  employed  iu  tbe  present  inquiry.  Lcgendre  aud  La- 
place also  deduced  a  law  of  density  from  tbe  properties  of  compres- 
sible fluids,  aud  from  this  law  the  latter  unfolded  a  law  of  ellipticity 
of  the  strata  of  equal  density.  The  results  arrived  at  in  m-y  pres- 
ent inquiry  are  manifestly  totally  independent  of  tbe  htw  of  density. 

p  = '^!-2 — ,  deduced  by  Legendnt  and  Laplace.    la  order  to 

apply  this  law  to  the  strata  of  the  solidified  shell,  the  assumption 
must  necessarily  be  made  that  the  particles  of  the  fluid  underwent. 
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by  Mr.  Hopkins  and  AicbdeacoD  Pratt;  and,  as  we  baveseen,  such  an 
asanmption  is  uot  only  uuwarrHuled,  but  is  absolately  cootradicted 
bf  the  eatablUbed  laws  of  bydrodyuainica.  My  coDclusioos  are  Dot 
only  io  harmony  with  those  laws,  but  necessarily  reqaire  them  to  be 
kept  oonstaotly  in  view  throughout  tbe  whole  investigatiou. 

(')  Tbe  result  obtnioecl  in  section  (3)  allows  of  an  immediate  and 
easy  application  to  the  inquiry  before  ns,  if  we  admit  that  tbe  strata  of 
eqoal  density  Id  the  shell  have  all  equal  ellipticities — au  admission 
rbieb  has  been  already  shown  to  be  a  particalar  case  of  a  rigorous  aud 
eiact  deduction  from  bydrodyuamical  principles.  Id  this  case  let  ns 
oDDsider  the  ratio  of  tbe  difference  of  tbe  moments  of  inertia  of  any 
Bpbwoidal  stratum  to  its  greatest  mctments  of  inertia.  It  will  readily 
appear  that  tbe  differeuce  of  the  greatest  and  least  moments  of  inertia, 
of  all  thestrata,  divided  by  tbe  sum  of  tbe  greatest  moments  of  inertia, 
will  be  the  same  as  that  for  a  homogeneous  shell  whose  inner  and  outer 
elipticities  are  eqnal. 

If  p  be  the  density  of  any  spheroidal  stratum  of  equal  density,  then 
for  that  stratum 

(-'i  fp  (a!'+y»)  dxAydz 

ud  aa  p  may  be  placed  outside  the  sign  of  integration,  it  disappears 
both  from  numerator  and  denominator.    As  we  shall  see  presently, 

(?,-X,_1 


.-X,_1/         W\ 

■here  &i  and  a\  are  tbe  semi-axes  of  tbe  stratum;  and  for  all  other 
Krata  of  equal  density  we  would  have 

How  if  these  strata  are  all  similar,  and  have  equal  ellipticities, 

6,^^^^^  6,. 

Uul  hence 

C,     ~      Q»'~     Aa  (7,     ~  2  V        W' 
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vbere  b  and  a  are  the  outer  semiaxes  of  the  sbell  composed  of  ^  the 
strata  of  equal  deoBity.    But 

ir        y^_C-il_C+C,+  .  . .  +C,_(X,+^»+  . . .  +-A.) 

Tliis  is  the  symbolical  funn  of  tbe  propositioD  jost  stated. 

In  a  horaogeneons  solid  of  revolntioo  the  geueral  expression  for  tbe 
moment  of  inertia  ia 

■nJ'^xSx : 

and  &om  the  ordinary  treatises  on  mechanics  it  readily  appears  tliat 
from  a  spheroid, 

where  h  is  the  semi-polar  and  a  tbe  semi-eqaatorial  axis.    Hence  wehare 

G-A    2a<ft-a*6-a'y    a*h-a*}i'    (fl*-&^  ..  _  a'-ft*    \f     W\ 
C    ~        2o*?  *     2a*b    ~  2a'l>  2a*   ~2\}^~^)* 

and 

2(C-A) 


^<-.^> 


In  a  spheroidal  shell  for  whose  inner  sarface  the  semi-axes  are  h  axA 
tti,  wc  have  the  moments  of  inertia  with  respect  to  the  axes  by  taking 
tbe  momeute  for  tbe  inner  spheroid  boanded  by  fr|  and  a,  firom  those  of 
the  outer  spheroid. 

Calling  the  former  d  and  ^i,  we  have  as  before, 

Ci=r  jgMi'61,   Ji=  Ygffai*6i(ai*+fc|*). 

Calling  Ci  and  Ai  tbe  momente  of  inertia  of  the  shell,  we  have  tlteie- 

fore,  I 

and  hence  j 

G,-A,     atb{a*-f^)-a,n,{a,n-h*)     °*  V'oQ  "**■*  ^\^^*).      ' 
Vi    ~  2{a'b-ay*bi)  ~  2(o'6— a,'fr,) 

If  e  and  e,  be  the  outer  and  inner  ellipticities  of  tbe  shell, 

,       6  ,      6i       J  .,  b      b, 

e  =  l~^,er  =  l--,  and  if  c  =  e„  -=-- 

C,-A,        C«**-«.*M(l-Si  /^        fcr. 

In  this  case   —(7--=       2[a*b-a)b,)        =  *  ^  ~  g> 

or  9.-A'  =  *L-l^. 

^'  ^  Google 


ON   THE   PHYSICAL   STRUCTURE    OF   THE    EARTH.  215 

CoDBeqoentty  the  pree«fi8ional  motion  of  snch  ft  shell  woald  be  the  snme 
M  that  of  a  homegeneons  spheroid  of  the  same  ellipticity.  Ue  =  ^i^i 
it  appears  (hat  the  valae  of  precession  for  such  a  splieroiil  wouhl  be 
oT",  wbile  its  observed  value  is  60"-l.*  STow,  as  it  is  impossible  to 
almlt  such  a  difference  where  the  result  of  observation  is  so  well  eetab- 
lisliM,  we  most  conclude  that  the  solid  shell  of  the  Garth,  composed  of 
nearly  eqai-elliptic  strata,  can  not  extend  to  ita  center— in  other  words, 
tlutthe  Earth  can  not  be  altogether  a  solid  from  its  surface  to  its  center. 
Od  tfie  other  hand,  the  fluid  nucleus  contained  within  the  shell  can  not 
bederoid  of  friction  and  viscidity,  but  must  possess  these  properties 
in  common  with  all  fluids  that  have  ever  been  observed  on  the  Earth's 
ur&ce.  These  properties  of  the  liquid  may,  as  I  have  long  since  an- 
noanced,  canse  the  shell  ami  liquid  nucleus  to  rotate  together  as  one 
solid  mass.  The  same  conclusion  was  afterward  put  forward  by  M.  De- 
lanne;}  and  experiments  ma<le  under  his  direction,  and  afterward, 
It  tbe  instance  of  the  Ifoyal  Irish  Academy,  by  me,  show  that  in  rota- 
tiDg  glass  vessels  filled  with  water  the  amount  of  friction  and  viscidity 
iBSQch  as  to  render  any  difference  of  slow  motion  between  the  liquid 
and  its  containing  vessel  insensible.  With  liquids  so  viscid  that  water 
is  in  comparison  limpid,  saoh  as  pitch,  honey,  and  especially  volcanic 
Ura  in  a  fused  state,  the  results  would  be  absolutely  decisive.  To 
tbis  class  of  liquids  the  fluid  matter  of  tbe  Earth's  interior,  so  far  as 
it  bas  come  ander  observation,  undoubtedly  belongs;  and  hence  the 
oferwhelming  certainty  of  onr  general  conclusions  as  to  tbe  connection 
between  the  Earth';!  structure  and  its  rotation, 

(S)  If  tbe  tendency  of  the  solid  crust  is  to  become  mora  elliptical  at 
its  inner  surface  as  it  increases  in  thickness,  some  interesting  oonse- 
qnencea  appear  to  follow.  If  the  shell  were  nnaccompaoied  by  the 
noclens,  or  if  no  friction  existed  at  their  surfaces,  the  changes  in  the 
relations  of  the  princiiial  moments  of  inertia  of  the  shell  might  be  suiv 
poaed  to  cause  its  rotation  to  become  unstable,  so  as  to  bring  about 
conditions  which  might  result  in  a  change  of  the  axis  of  rotation,  tt 
it  easy  to  show  on  the  most  favorable  suppositions  that  this  could  not 
(Kcor.  The  increasing  ellipticity  of  tbe  inner  surface  of  the  shell  would 
^  doe  to  the  increasing  oblateness  of  the  surface  of  the  fluid  nucleus, 
and  ttiis  would  be  at  its  maximum  if  the  neucleus  approached  a  state 
of  botnogeneity ;  but  tbe  fluid  can  not  approach  this  state  nnless  the 
ndioB  of  tiie  nncleDS  is  so  small  that  the  variation  in  density  due  to 
iveuare  becomes  insensible,  whence  all  its  strata  would  possess  tbe 
nmedensity.    This  condition  with  acertain  thickness  of  the  solid  shell 

'Ai«vuionorthflnnmerioaldatft  riom  teoent  BBtroDomical  reanltsleailBme  tocon- 
ehdt  tluit  the  precenioo  for  tbe  aolid  spheroid  would  be  a  little  leas,  and  aboat  55'' 
fw*e»d  of  57".  Thia  I  propose  to  prove  in  m  abort  paper,  entitled  "  Note  on  the  an- 
■"'■I  pncMaion  calculated  on  the  bypothesis  of  tbe  earth's  solidity."  Tbia  note 
[appended  to  tbls  artiola]  iMvea  tbe  gBueral  conelaetons  of  the  present  paper  nn- 
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may  briug  about  equality  intlietwo  priDoipal  momentsof  inertia  of  the 
shell.  Tbe  most  favorable  case  woald  be  for  a  homogeneons  sbell. 
Hence  we  baveonly  to  solve  tbe  very  simple  problem:  Given  tbe tbick- 
uess  of  a  homogeDeous  spheroidal  shell  at  its  pole,  required  its  thick- 
ness at  tbe  equator,  so  as  to  make  its  priacipal  moments  of  ii 
eqaal.    We  have  from  the  ezpressioas  for  C|  and  Ai  in  (7), 


which  gives  

Tbis  may  be  written 


-^/2■ 

If  we  take  «=£|j  for  the  outer  ellipticity  of  the  shell,  and  ei=f^ 
for  its  masimam  inner  ellipticitj,  we  can  easily  find  tbe  valnes  of  ^ 
and  J;  from  whence  it  appears  that  in  order  to  have  equal  momentsof 

inertia  tbe  thickness  of  tbe  shell  should  be  .047  of  its  equatorial  senii- 
asis,  and  the  mean  radius  of  the  nucleus  would  thus  be  reduced  from 
tbe  origimil  value  when  the  whole  mass  was  fluid  by  a  fraction  less 
than  one-twentieth.  Under  these  conditions  the  ellipticity  of  sj-n,  cor- 
responding to  homogeneity,  could  not  exist;  and  hence  it  may  be  con- 
cluded that,  whether  tbe  shell  is  tbiu  or  whether  the  Earth  has  become 
almost  altogether  solid,  tbe  moment  of  the  inertia  of  the  shell  with 
t  respect  to  its  polar  axis  most  be  always  greater  than  the  moment  of 
inertia  for  its  equatorial  axis. 

Tbe  tendency  of  the  fiuid  nucleus  to  increase  in  ellipticity  might 
produce  a  result  worthy  of  examination  by  volcanologists,  namely,  a 
possible  increase  in  the  development  of  volcanic  phenomena  in  equa- 
torial as  compared  to  polar  regions  with  the  progressive  solidification 
of  the  Earth  up  to  a  certain  point.  Until  the  thickness  of  tbe  shell 
has  become  very  great,  recent  periods  should  exhibit  a  greater  devel- 
opment of  volcanic  energy  towards  the  equator  tban  toward  the  poles 
as  compared  to  remote  epochs. 


NOTE, 

On  the  annual  precession  ctUculated  on  the  kypotliesis  of  the  EartVs  mUditg. 

In  discussing  the  influence  of  tbe  internal  structure  of  the  Elarth 
upon  precession  it  bas  been  frequently  assumed  that  with  the  eltiptid^ 
sie  the  annual  precession  of  a  homogeneous  solid  shell  or  completely 
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solid  Bplieroid  would  be  57".  This  was  tlie  result  of  Mr.  Hopkins's  cal- 
culations; aod  the  difference,  amounting  to  between  six  and  seven  sw- 
ODds  between  it  and  the  observed  value,  formed  the  basis  of  all  his 
coDclosions  relative  to  the  Earth's  internal  condition.  Hitherto  I  have 
notseenany  reason  for  doubting  the  above  numerical  result;  but  on 
lookJDgmore  closely  into  the  question  it  appears  probable  that  we 
most  rednce  the  precession  for  tbe  bjpothetieal  solid  spheroid  to  aboot 
Ki".  If  (be  Earth  were  a  spheroid  perfect!;  rigid,  the  amount  of  pre- 
ceeaioD  can  be  catcolated  from  formnlie  given  in  Airy's  Tracta,  Pratt's 
MedMnical  PAtlosopAy,  Pontecoulant's  Th4oTie  Analytique  du  Sj/gUme  du 
Mimde,or  Besal's  Traiti  de  M^canique  Celeste.  In  the  two  latter  works 
Poisson's  memoir  on  the  rotation  of  tbe  Earth  about  its  centerof  grav- 
ity is  very  close);  followed,  and  the  formulie  are  those  which  I  have 
geoerall;  employed.    From  these  writings  we  have 

P,=?™J  i?"-^-)  (1  +  ;,)  CO,  /,. 

where  7  is  the  inclination  of  the  equator  to  the  ecliptic,  y  the  ratio  of 
tbe  Moon's  action  on  tbe  Earth  compared  to  that  of  the  Snn,  m  the 
Earth's  mean  motion  aroaod  the  Snn,^  the  ratio  of  this  mean  motion 

to  tbe  Earth's  rotation,  and  A,  S,  C  the  three  principal  movements  of 
tbe  inertia  of  the  Eartb.  When  tbe  Eartb  is  supposed  to  be  a  spheroid 
of  revolution,  A=S,  and  the  above  becomes 


Pratt  gives  the  formula 

(2)  P=^Y^A\  { 1+"'  J-^  ^i"' '  \  I80O; 
^  '  2n\    A    J  \        «'       1  +  r       * 

vbere  i  is  tbe  incUnation  of  the  Moon's  orbit  to  the  ecliptic,  y  tbe  ratio 
of  the  Earth's  mass  to  that  of  the  Moon. 

In  all  these  formutse,  or  in  an;  others  by  which  the  precession  can 
be  calcnlated,  the  Moon's  mass  enters  directl;  or  indireetly.  When 
Ur.  Hopkins  made  his  ealcnlation  more  than  forty  years  ago,  be  appears 
to  have  taken  the  value  of  the  Moon's  mass  and  all  his  other  numerical 
data  from  tbe  early  editions  of  Airy's  TraxAs.  He  uses  366.2C  for 
the  Earth's  period,  27.32  for  the  Moon's.  He  makes  /^23o  28',  t=60 
^  6(»",  and  the  Moon's  mass  ^  of  the  Earth's  mass.  All  of  these  valaes 
nquire  reTisioii,  and  it  ma;  be  remarked  that  Sir  George  Airy  has 
mote  recently  expressed  tbe  opinion  that  ^  ma;  be  taken  as  the  valne 
of  tbe  Moon's  mass.*    On  this  question  I  ma;  be  permitted  to  remark 

'JTasllkljr  Jfotfcei  of  tbe  BoykI  Astronomical  Society,  December,  1S76,  p.  140. 

,  Google 


218  ON  THE  PHYSICAL  STRUCTOaE   OF  THE  EARTH. 

that  there  are  three  different  pheuomeua  from  which  the  Uoon'a  mass 
lias  been  determined:  (l)  The  pertorbations  of  the  Earth's  motion  in 
Its  orbit  aronnd  the  Sun  by  the  action  of  the  moon;  (2)  the  IJdefi;  and 
(3)  the  nutation  of  the  Earth's  axis.  The  largest  mass,  of  ^  neariy,  bas 
•been  obttuned  from  the  first,  and  tfae  smallest  from  nntatiott.  Bat 
the  values  obtained  fhim  nutation  are  not  very  accordant,  and  more- 
'over  the  close  connection  between  nutation  and  precession  makes  It  a 
doubtful  matter  to  calculate  the  amount  of  one  ftxim  a  quantity  depend- 
ing on  the  other.  The  moon's  mass  obtained  from  the  tides  is  that 
-which  has  been  employed  by  Laplace,  Poisson,  and  other  mathnmati- 
■ciaus  as  the  most  probable.  It  appears  that  a  recent  disoassiou  of  the 
tidns  in  the  United  States,  made  by  Mr.  Ferrel,  has  ^ven  the  same 
value  as  that  fbund  by  Eiaplaoe.  This  circumstance,  as  wdl  as  tJie  fact 
that  the  value  so  obtained  lies  between  the  values  found  by  tlie  otlier 
anethods,  gives  us  reason  to  place  much  confidence  in  the  reanlt  If  we 
call  P]  the  preoesBloa  for  a  homogeneous  spheroid  whose  ellipticity  is 
J7,  then  ftt>m  (I) 


If  we  take  the  value  of  tfae  Uoon's  mass  given  by  tba  tides,  or  rathu 
the  ratio  of  the  Moon's  action  to  that  of  the  Sue  thus  given,  we  shall 
use  the  value  of  y  employed  by  Poisson,  Pontdoonlant,  and  Resal ; 
if  we  also  employ  for  E  the  value  which  Colonel  Clarke  shows  good 
ground  for  deeming  the  most  probable,*  that  is  j^Vtj  instead  of  x^  or 
•even  smaller  fhtctions  hitherto  accepted,  I  find  that  Pi  becomes  S6"-05. 
By  Pratt's  formula  and  the  numerical  values  he  employs,  except  for 
£,  I  find 

P,=54"-879. 

If  we  take  gV  for  the  Moon's  mass  in  Poisson's  formula,  y  becomes 
2-2062,  and 

P,=53"-574. 

If  we  change  y  to  80  in  Pratt's  formula  with 

^=ffTfn.P.=62"-96. 

The  value  for  the  observed  precession  now  generally  admitted  is 
50"-37.  It  is  therefore  manifest  that  the  difference  between  this  and 
the  precession  of  a  homogeoeoos  equi-elliptic  spheroid  can  not  be 
admitted  to  be  as  great  as  Mr.  Hopkins  has  declared  it  to  be.  From 
the  values  of  P|  wliich  I  have  calculated  we  should  have 

P,— P=5"-68  and  4"-fi07,  with  the  Hood's  ma88=T^; 


*  See  Colooel  Clarke's  paper  io  the  Phthtophieal  Mag*ri»«  for  Aagait,  1878,  wham 
be  mainUiDS  tb»t  recent  geodetical  reenlta  lead  M  iaereaM  tbe  value  of  the  Earth's 
ellipticity  and  to  make  the  meannted  valne  approach  to  that  ohtained  from  p«B- 
dnlnm  obaerratiouB. 


ON  THE   PHYSICAL   STRUCTURE  OP  THE  EARTH. 


On  cslcalatJDg  P  with  tbe  Moon's  massssSt  Sun's  mass  35f^S6,  y  is 
2-26395.    If  we  take  for  2  its  valae  in  1852,  or  23°  27'  32",  and  make 

»t=359o-9931,  ^=-0027303,  E=,rshn, 

Che  folloving  calcalntions  can  be  made, 
logm  * 
log  (1  +  y) 
log  cos  / 

,      m  _-3+4362104, 

*  n  ~  .4674500 

i«„3™^„„,         3-7323937 
log  g  [60X001      =4.y9y8437, 

log  Pi 


2-4675439 


~l-7322948~  ^  » 

orP,=64"  nearly,     P,-P=3"-017. 

Craseqaentlr  instead  of  admitting  Mr.  Hopkins's  reanlt  of  7"  for  the 
dilfoicnce  between  the  precession  of  a  homogeneous  spheroid  with  the 
Earth's  ellipticity  and  the  precession  actually  observed,  we  may  afiBrm 
that  this  difference  la  probably  not  more  than  4"  or  5". 

With  the  best  values  for  the  nnmerical  elements  Uie  difference  is, 
hoirever,  too  well  ascertained  to  be  overlooked,  and  it  leads  to  the  con- 
clusion that  the  Barth  can  not  consist  of  an  entirely  solid  mass  composed 
of  eqai-elliptic  strata,  and  that  it  is  therefore  partly  composed  of  a  solid 
Hbell  bounded  by  surfaces  snch  as  I  have  elsewhere  indicated,  with  an 
iaterior  mass  of  viscid  liqoid,  sach  as  is  seen  flowtog  from  the  volcanic 
openings  of  tbe  shell,  arranged  in  strata  conforming  to  the  laws  of 
faydrostatics,  or  in  other  words,  with  strata  of  equal  density  decreasing 
in  ellipticity  toward  the  Earth's  center. 
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GLACIAL  GEOLOGY.* 


By  Prof.  James  Geikie,  F.  B.  S. 


Tbe  resalta  obtained  by  geolo^sts,  who  have  been  stadying  the  pe- 
ri|iberal  areas  of  the  drift-covered  regions  of  ourcontiuent,  are  such  R8 
lo  Esitisfy  ns  that  the  drifts  of  those  regions  are  not  iceberg-droppings, 
»'<  ve  osed  to  suppose,  but  true  morainic  matter  and  fluvio-glacial  do- 
iritoB,  Geologists  have  not  jumped  to  this  cooolasion ;  they  have  only 
uctwpted  it  after  laborious  inveatigations  of  the  evidence.  Since  Dr. 
ottoTorelljin  1875,  first  stated  his  t>e1ief  that  the  "diluviam"  of  north 
Uermany  was  of  glacial  origin  a  great  literature  ou  the  subject  has 
sprang  up,  a  perusal  of  which  will  show  that  with  our  German  friends 
glacial  geology  has  passed  through  much  the  same  succession  of  phases 
asTTithus.  At  first  icebergs  are  appealed  to  as  esplainiug  everything — 
neitwe  meet  with  sundry  ingenious  attempts  at  a  compromise  between 
BoatiDgice  and  a  continuous  ice-sheet.  As  observations  multiply,  how- 
ever, the  element  of  doating  ice  is  gradaaliy  eliminated,  and  all  the 
pheDomena  are  explaiued  by  menns  of  land  ice  and  "schmelz-wasser" 
alone.  It  is  a  remarkable  fact  that  the  iceberg  hypothesis  has  always 
been  most  strenaonsiy  upheld  by  geologists  whose  labors  have  been 
largely  confined  to  the  peripheral  areas  of  drift-covered  countries.  In 
tbe  Dpland  and  mountainous  tracts,  ou  the  other  hand,  that  hypothesis 
ba«  nerer  been  able  to  survive  a  moderate  amount  of  accurate  observa- 
tion.  -    -    - 

The  notiou  of  a  general  ice-sheet  having  covered  a  large  part  of 
Barope,  which  a  few  years  ago  was  looked  upon  as  a  wild  dream,  has 
Ixeu  amply  justified  by  the  laborsof  those  who  are  so  assiduously  investi- 
gating the  l>eripheral  area  of  tbe  "great  iiortberu  drift."  And  perhaps 
1  may  be  allowed  to  express  my  own  belief  that  the  dritts  of  middle  and 
wuthern  England,  which  exhibit  tlie  same  complexity  as  the  "lower 
dilorinm"  of  the  continent,  will  eventually  be  generally  acknowledged  to 
We  had  a  similar  origin. 

I  now  pass  on  to  review  some  of  the  general  results  obtained  by  con- 


'Pnrideotial  address  before  the  Geological  Section  of  tlic  Brilisli  Atsociittioii  Adv. 
SH.tt  Newcutle,  September,  IVSa.  (Bcport  o/ttie  Briliih  JMQeialion,  IS^.vul.  ux, 
PP-Ha-5W.)  r-  t 
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tiaental  geologists  as  to  the  extent  of  urea  occupied  b;  inland  ice  dor- 
iDg  the  last  great  extension  oC  glacier  ice  in  Europe.  It  is  well  known 
that  this  latest  icesheet  did  not  overflow  nearly  so  wide  a  region  a« 
that  underneath  which  the  lowest  bowlder  clay  was  accnmalated. 
Gerard  de  Geer  has  giveu  a  summary*  of  the  general  results  olitained 
by  himself  and  bis  fellow- workers  in  Sweden  and  ^Xorway ;  and  these 
bave  been  sopplemeuted  by  the  labors  of  Berendt,  Geinitz,  Ennchecone, 
Klockmann,  Keilhack,  Schroder,  Wabuschaffe,  and  others  in  Oermiuiy, 
and  by  Sederbolm  in  Finland.  Prom  them  we  loam  that  the  end- 
uioraines  of  the  ice-circle  round  the  sontbera  coasts  of  Norway,  from 
whence  they  sweep  southeast  by  east  aoroes  the  province  of  Guttland 
in  Sweden,  passing  through  the  lower  ends  of  Lakes  Wener  and  Wet- 
ter, while  similar  moraines  mark  oat  for  as  the  terminal  front  of  tiie 
inland  ice  in  Finland  at  least  two  parallel  frontal  moraines  paasiDg 
inland  from  Hango  head  on  the  Gulf  of  Finland  through  the  soothern 
part  of  that  province  to  the  north  of  Lake  Ladoga.  Farther  nortbeaMt 
than  this  they  biive  not  been  traced;  but,  from  some  observations  b) 
Helmersen,  Sederbolm  thinks  it  probable  that  the  terminal  icefrout 
extended  nortbeast  by  the  north  of  Lake  Onega  to  the  eastern  shores 
of  the  White  Sea.  Between  Sweden  and  Finland  lies  the  basin  ol'  tlie 
Baltic,  which  at  the  period  in  question  was  filled  with  ice,  forming  h 
great  Baltic  glacier  which  overflowed  the  Aland  Islands,  Gottland  and 
Olaud,  and  which,  fanning  out  as  it  passed  toward  the  aoathwest, 
invaded,  on  the  south  side,  the  Baltic  provinces  of  Germany,  whil^  on 
the  north,  it  crossed  the  southern  part  of  Scania  in  Sweden  and  tbe  I 
Danish  islands  to  enter  npon  Jutland,    ■    >    - 

The  general  conclusion  arrived  at  by  tboso  who  are  at  present  iaves-  ' 
tigating  the  glacial  accumulations  of  northern  Europe  may  be  EOtn- 
marized  as  follows : 

(1)  Before  the  invasion  of  oorthero  Germany  by  the  inland  ice  tbe 
low  grounds  bordering  on  the  Baltic  were  overflowed  by  a  sea  wbicU 
contained  a  boreal  and  arctic  fanna.  These  marine  conditions  are  in- 
dicated by  the  presence,  under  the  lower  bowlder  clay  of  more  or  less 
well-bedded  fossilil'erous  deposits.  On  the  same  horizon  occur  also  beds 
of  sand,  containing  fresh- water  shells,  and  now  and  again  mammalian 
remains,  some  of  which  imply  cold  antl  other  temperate  climatic  oondi- 
tious.  Obviously  all  these  deposits  may  pertain  to  one  and  the  same 
period,  or  more  properly  to  different  stages  of  the  same  period — some 
dating  back  to  a  time  when  tbe  climate  was  still  tomi>erate,  while 
others  clearly  indicate  tbe  prevalence  of  cold  conditions,  and  are  tb^re 
fore  probably  somewhat  younger. 

(2)  The  nest  geological  horizon  in  ascending  order  is  that  whiob  is 
marked  by  the  "Lower  Diluvium"— tbe  glacial  and  fluvioglacial  de- 
tritus of  tbe  great  ice-sheet  which  flowed  sonth  to  the  foot  of  the  Han 
Mountains.    Tbe  bowlder  clay  on  this  horizon  now  and  again  ooDtaios 


'  Zat$chii/t  d,  ituUtk.  geotog.  Get.  Bd.  XXXVIl/p.  177.^^  |  , 


GLACIAL  GEOLOGY.  223 

marine,  fresh-water,  and  terreRtrial  orgaoic  remaitiB,  derived  audoubt- 
edly  from  the  so-called  preglacial  beds  already  referred  to.  Thuse  latter, 
it  would  appear,  were  plowed  up  and  largely  iiicorporated  with  the  old 
groaud  moraine. 

(3)  The  interglacial  beds  which  next  sncceed  contain  remains  of  a 
veil-marked  temperate  fanna  and  flora,  wbich  point  to  something  more 
than  a  mere  partial  or  local  retreat  of  the  inland  ice.  The  geographi- 
cal distribution  of  the  beds  and  the  presence  in  these  of  such  forms  as 
Sl^hat  antiquiu,  Cervua  elephat,  C.  megaceroa,  and  a  flora  comparable 
to  that  now  existing  in  northern  Germany,  jastify  geologists  in  con- 
cluding that  the  inter-glacial  epoch  was  one  of  long  daralioo,  and 
characterized  in  Germany  by  climatic  conditions  apparently  not  less 
temperate  than  those  that  now  obtain.  One  of  the  phases  of  that 
inter-glacial  epoch,  as  we  bare  seen,  was  the  overflowing  of  the  Baltic 
provinces  by  tbe  waters  of  the  North  Sea. 

{i)  To  this  well-marked  inter-glucial  epoch  succeeded  another  epoch 
of  arctic  conditions,  when  the  Scandinavian  inlaud  ice  once  more 
invaded  Oermany,  plowing  through  tbe  inter-glacial  deposita,  and 
working  these  np  in  its  gronnd  moraine.  So  far  as  I  can  learn,  the 
prevalent  belief  among  geologists  in  north  Germany  is  that  there  was 
only  one  Inter-glacial  epoch ;  but,  as  already  stated,  doubt  has  been 
eipressed  whether  all  the  facte  can  be  thus  accounted  for.  There  must 
always  be  great  difficnlty  in  tbe  correlation  of  widely  separated  inter- 
glaoial  deposits,  and  the  time  does  not  seem  to  me  to  have  yet  come 
when  we  can  definitely  assert  that  all  these  inter-glacial  beds  belong  to 
tbe  game  geological  horizon. 

I  have  dwelt  upon  the  recent  work  of  geologists  in  tbe  peripheral 
snaa  of  the  drift-covered  regions  of  northern  Earope,  because  I  think 
the  results  obtained  are  of  great  interest  to  glacialists  in  this  country. 
Anil  for  the  same  reason  I  wish  next  to  call  attention  to  what  has  been 
done  of  late  years  in  elucidating  the  glacial  geology  of  the  Alpine  lands 
of  central  Europe,  and  more  particblarly  of  the  low  grounds  that 
Mretch  ont  from  the  foot  of  tbe  mountaius.  Any  observations  that 
tend  to  throw  light  apon  the  history  of  the  complex  drifts  of  our  own 
penpheral  areas  can  not  but  be  of  service.  The  only  question  concern- 
ing the  gruand  moraines  thut  has  recently  given  rise  to  much  discussion 
ia  the  origin  of  tbe  materials  themselves.  It  is  obvious  that  there  are 
only  three  possible  modes  in  which  those  materials  could  have  been 
introdnced  to  the  gronnd  moraine;  either  they  consist  of  superficial 
inoraiDic  ddbris  which  has  found  its  way  down  to  the  bottom  of  tbe  old 
glaciers  by  crevasses ;  or  they  may  be  made  up  of  the  rock  rubbish, 
Bhingle,  gravel,  etc,  which  doubtless  strewed  tbe  valleys  before  these 
"ere  occupied  by  ice ;  or,  lastly,  they  may  have  been  derived  in  chief 
measure  from  the  underlying  rocks  themselves  by  the  action  of  the  ice 
that  overflowed  tbem.  The  investigations  of  Peuck,  Blaas,  Bohm,  and 
firiickner  appearto  me  to  have  demonstrated  that  the  groaud  moraines 
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are  coinposed  moBtly  of  materials  which  have  been  detached  from  tbe 
UDderlying  rocks  by  the  erosive  action  of  the  glaciers  themselves. 
Their  observations  show  that  the  regious  stadled  by  them  in  great 
detail  were  almost  completely  boried  aoder  ice,  so  that  the  accnniala- 
tioD  of  superficial  moraines  was,  for  the  most  part,  impossible;  and 
they  advaoce  a  namber  of  facts  which  prove  positively  that  the  groDQil 
moraines  were  formed  and  accumulated  under  the  ice.  Theae^eolo- 
gists  do  not  deny  that  some  of  the  material  may  occasionally  have  come 
from  above,  nor  do  they  doabt  that  pretJxtsting  masses  of  rock  rabbish 
and  alluvial  accumulations  may  have  been  incorporated  with  the  groond 
moraines ;  bat  the  enormous  ex:teut  of  the  latter  and  the  direction  of 
transport  and  distribution  of  the  erratics  which  they  contain  can  not 
be  thus  accounted  for,  while  all  the  facts  are  readily  explained  by  the 
action  of  the  ice  itself,  which  used  its  snbglaciat  dfJbris  as  tools  with 
which  to  carry  on  the  work  of  erosion. 

Professor  Helm  and  others  have  frequently  asnerted  that  glacteis 
have  little  or  do  eroding  power,  since  at  the  lower  ends  of  existinf 
glaciers  we  find  no  evidence  of  such  erosion  being  in  operation.  Bnt 
the  chief  work  of  a  glacier  cannot  be  carried  on  at  its  lower  end,  where 
motion  is  reduced  to  a  minimum,  and  where  tbe  ice  is  perforated  b; 
siib-glacial  tunnels  and  arobes,  underneath  which  no  glacial  eroeiuii 
cnu  possibly  take  place;  and  yet  it  is  upon  observations  made  in  joEt 
Bucli  places  that  the  principal  arguments  against  tbe  erosive  action  of 
glaciers  bare  been  based.  -  •  -  If  we  wish  to  learn  wbat  glacier-ice 
can  accomplish,  we  most  study  in  detail  some  wide  regiou  from  which 
the  ice  has  completely  disappeared.  Following  this  plan.  Dr.  Blaas  has 
been  led  by  Iiis  observations  on  the  glacial  formation  of  the  Inn  Valley 
to  recant  Lis  former  views,  and  to  become  a  formidable  advocate  of  the 
very  theory  which  he  formerly  opposed.  To  bis  work  ahd  the  memoirs 
by  Penck,  Brtickner,  and  Bobrn,  already  cited,  and  especially  to  the 
admirable  chapter  on  glacier  erosion  by  the  last-named  author,  I  would 
refer  those  who  may  be  anxious  to  know  the  last  word  on  this  mnuh- 
debated  question. 

Tbe  evidence  of  inter-glacial  conditions  within  the  Alpine  lands  cod> 
tinues  to  increase.  These  are  represented  by  alluvial  deposits  of  silt, 
sand,  gravel,  conglomerate,  breccia,  and  lignites.  Penck,  Bohm,  and 
Bruckner  flud  evidence  of  two  interglacial  epochs,  and  maintain  that 
there  have  been  three  distinct  and  separate  epochs  of  glaciation  in  the 
Alps.  -No  mere  temporary  retreat  and  re-advance  of  the  glaciers,  ac- 
cording to  them,  will  account  for  the  phenomena  presented  by  the  in. 
ter-glacial  deposits  and  associated  moraiuic  accumulations.  During 
interglacial  times  the  glaciers  disappeared  from  the  lower  valleys  of  the 
Alps;  the  climate  wiis  temperate  and  probably  the  snow-fields  and 
glaciers  approximated  in  extent  to  those  of  the  present  day.  All  the 
evidence  conspires  to  show  that  an  interglacial  epoch  was  of  prolongetl 
duration.    Dr.  Briickuer  has  observed  that  tbe  moraines  of  the  last 
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glacial  epoch  rest  here  &ntl  there  upon  loess,  and  he  cocflrms  Penck's 
observatioDs  in  Soatb  Bavaria  that  this  remarkable  formatioD  uever 
overties  the  morainic  accomalatioDS  or  the  latest  glacial  epoch.  Ac-  , 
cotiing  to  Penck  and  Briickner  therefore  the  loees  is  of  interglaolal  age. 
TtwK  cao  be  littledoabt,  liowever,  that  loess  does  not  beloug  to  any  one 
particalar  horizon.  Wahnschaffe*  and  others  have  abovn  that  through- 
ant  vide  areas  in  north  Germany  it  is  tbe  equivalent  in  age  of  the 
"[JpperDilavium,"  while  Schumacherf  points  out  that  id  the  Rhine 
Talley  it  occnrs  oo  two  separate  auil  distinct  horizons.  Professor 
Aadrete  hue  likewise  showu  that  there  is  an  upper  and  lower  loss  in 
Alsace,  each  characterized  by  its  owu  special  faona-t 

Tliere  is  still  considerable  diftereuoe  of  opiuioo  as  to  the  mode  of 
formation  of  this  remarkable  acoumaiation.  By  many  it  is  considered 
to  be  an  aqneons  deposit;  others,  following  Richthofen,  are  of  opinion 
tbat  it  is  a  wind-blown  aecamnlatioD,  while  some  incline  to  the  belief 
that  it  is  partly  the  one  and  partly  the  other.  Nor  do  the  apholders 
of  these  vartoas  hypotheses  agree  amongst  themselves  as  to  the  pre- 
cise maouer  in  which  water  or  wind  has  worked  to  produce  the  ob- 
served resnlts.  Thus,  amongst  tbe  supporters  of  the  aqueous  origin  of 
the  loess,  we  find  tbls  attributed  to  tbe  action  of  heavy  rains  washing 
orer  and  re-arranging  tbe  material  of  the  bowlder  clay8.§  Many,  again, 
have  beld  it  probable  that  loess  is  simply  the  Hoest  loam  distributed  over 
the  low  groands  by  tbe  flood  waters  that  escaped  flvm  the  northern 
iolflnd  ice  and  the  mera  de  glace  of  the  Alpine  lauds  of  central  Europe. 
AnoUier  snggestioo  is  that  mneb  of  the  material  of  the  loess  may  have 
been  derived  from  tbe  denudation  of  the  bowlder  clays  by  flood  water 
during  tbe  closing  stages  of  tbe  lastcold  period.  It  is  pointed  out  that 
ia  some  regionsat  least  the  loess  is  underlaid  by  a  layerof  erratics,  which 
ue  believed  to  b^  the  residue  of  tbe  den  uded  bowlder  clay.  We  are  re- 
minded by  Kiockmauull  and  WabuschaffeM  that  the  inland  ice  must  have 
acted  as  a  great  dam,  and  that  the  wide  areas  in  Gtennany,  etc.,  would 
be  flooded,  partly  by  water  derived  from  tbe  melting  inland  ice  and 
partly  by  waters  flowing  north  from  tbe  hilly  tracts  of  middle  Germany. 
Iq  the  great  basins  thus  formed  there  would  be  a  commingling  of  fine 
nit  material  derived  from  north  and  south,  which  would  necessarily 
roote  to  form  a  deposit  having  mach  the  same  character  throughout. 

From  what  I  have  myself  seen  of  tbe  loess  in  various  parts  of  Ger- 
naoy,  and  from  all  that  I  have  gathered  from  reading  and  in  conver- 
tttion  with  those  who  have  worked  over  loess-covered  regions  I  incline 

'  AittanM.  X.  gtolog.  SpeeiitlkarU  t>.  PmMwn,  ele.,  Bd.  vii,  Heft  1 :  ZeUtvkr.  d.  deuUch. 
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to  the  opiaion  that  loess  is  for  the  most  part  of  aqneons  origin.  Id 
mauy  cases  this  can  be  cleinoustrateil,  as  by  the  occarreoce  of  bedding 
ami  tliti  iutercaliitioii  of  layers  of  stoues,  sand,  grave),  etc.,  in  the  de- 
posit; again,  by  the  not  iiifreqaent  appearanoe  of  fresh-water  sliells; 
but  perhaps  chiefly  by  the  remarkable  uuiformity  of  character  whi^ 
the  loess  displays.  It  seemed  to  me  reasonable  also  to  believe  that  the 
flood  waters  of  glacial  times  must  needs  bave  been  charged  with  find; 
divided  sedimeut,  and  that  sncb  sediment  would  be  spread  over  wide 
regions  in  the  low  grouuds — in  the  slack  waters  of  tbe  great  rivers  and 
in  the  innumerable  temporary  lakes  which  occupied  or  partly  occupied 
many  of  the  valleys  and  depressions  of  the  land.  There  are  different 
kinds  of  loesa  or  loess-like  deposits,  however,  and  all  need  not  have  been 
formeu  in  the  same  way.  Probably  some  may  have  been  derived,  as 
Wahuschaffe  has  suggested,  from  thodenudatiOQ  of  bowlder  clay.  Pos- 
sibly, also,  some  loess  may  owe  its  origin  to  the  action  of  rata  upon  (be 
stony  clays,  pro<lucing  what  we  in  this  country  would  call  "  rain-wash.* 
There  are  other  accnmnlations,  however,  which  no  aqueous  theory  vill 
satisfactorily  explaiu.  Under  this  category  comes  much  ol  the  bd- 
calleil  BergUiM,  with  its  abundant  land  shells  and  its  generally  nnstrfti- 
iSed  character.  It  seems  likely  that  such  loess  is  simply  the  lesnltof 
sub  aerial  action,  and  owes  its  origin  to  rain,  frost,  and  wind  acliDf 
upon  the  soperQcial  formations  and  re-arranging  their  tiner-grained  odd- 
stituente.  And  it  is  quite  possible  that  the  upper  portion  of  much  of 
the  loe^.s  of  the  lower  grounds  may  bave  been  re- worked  in  the  same  way. 
But  I  confess  I  can  not  yet  find  in  the  facts  adduced  by  German  gto- 
logists  auy  evidence  of  a  dry-as-dust  epoch  having  obtained  in  Europe 
during  any  stage  of  the  Pleistocene  period.  It  is  obvioas,  however, 
that  after  the  Hood  waters  had  disappeared  from  the  low  grounds  of 
the  contineut  snb-aerial  action  would  come  into  play  over  the  wide 
regions  covered  by  glacial  and  fluvio-glacial  deposits.  Thus,  in  the 
course  of  time  these  deposits  would  become  modified,  just  as  similar 
accumulations  in  these  islands  bave  been  top-dresaed,a8  it  were,  and  to 
some  extent  even  re-arranged. 

I  am  strengthened  in  these  views  by  the  conclusion  arrived  at  by  H. 
Falsan,  the  eminent  French  glacialist.  Covering  the  plateaux  of  the 
Domb'^,  and  widely  spread  throughout  the  valleys  of  the  Rhone,  the  Ain, 
the  Is^re,  et«.,  in  France,  there  is  a  deposit  of  loess,  be  says,  wbiob  has 
been  derived  from  the  washing  of  tfae  ancient  moraines.  At  the  foot  of 
the  Alps,  where  black  schists  are  largely  developed,  the  loess  is  dark 
gray;  but  west  of  the  secondary  chain  the  same  dei>OBit  is  yellowish  and 
composed  almost  entirely  of  silicious  materials,  with  only  a  very  little 
carbonate  of  lime.  This  Umon^  or  loess,  however,  is  very  generally  modi- 
fied towards  tbe  top  by  the  chemical  action  of  rain,  the  yellow  loe^s 
acquiring  a  red  color.  Sometimes  it  is  crowded  with  calcareous  con- 
cretionsi  at  other  times  it  has  been  deprived  of  its  calcareous  element 
and  converted  into  a  kind  of  pulveruleut  silica  or  quartz.    This,  tbe  tnie 
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loess,  is  disttnguitthed  tcom  another,  lekm,  which  Falsao  recogaizea  as 
the  prodaot  of  atmoepberic  action,  formed,  in  fact,  in  place  teom  the 
disiutegratioQ  and  decomposition  of  the  aab)ac«nt  rocks.  Even  this 
lebm  has  been  modified  by  mnuiDg  water,  disporsed  or  accamnlated 
kwally,  aa  the  case  may  be.* 

All  that  we  know  of  the  loess  and  its  fossils  compels  as  to  include  this 
accamalation  as  a  product  of  the  Pleistocene  period.  It  ia  not  of  post- 
glacial age,  even  mucb  of  what  one  may  call  the  "remodi&ed  loess" 
being  of  Late  Glacial  or  Pleistocene  age.  I  can  not  attempt  to  give 
here  a  sammary  of  what  baa  been  learned  within  recent  years  as  to  the 
baoa  of  the  loess.  The  researches  of  Nehriug  and  Liebe  have  familiar- 
ized Ds  witli  the  fact  that  at  some  particnlar  stage  in  the  Pleistocene 
period  a  fauna  like  tliat  of  the  alpine  steppe  lauds  of  western  Asia  was 
iiKligeoous  to  middle  Europe,  and  the  recent  inveatigationa  of  Woldrich 
have  increased  onr  knowledge  of  this  fauna.  At  what  horizon,  then, 
does  this  steppe  fauna  make  its  appearance  t  At  Thiede  Dr.  Nehring 
discovereil  in  so-called  loess  three  successive  horizons,  each  characterized 
by  a  special  fauna.  The  lowest  of  these  faunas  was  decidedly  arctic  in 
type;  above  that  oame  a  steppe  fauna,  which  last  was  succeeded  by  a 
faniia  comprising  sncli  forms  as  mammoth,  woolly  rhinoceros,  Bos, 
Cenms,  horse,  hysna,  and  lion.  Now,  if  we  compare  this  last  fauna 
withtlieformswhicb  have  been  obtaiueil  from  true  poetglaeial  deposits, 
those  deposits,  namely,  which  overlie  the  younger  bowlder  clays  and 
flood  accumulations  of  the  latest  glacial  epoch,  we  find  little  in  common. 
The  lion,  the  mammoth,  and  the  rhinoceros  are  conspicuous  by  their 
absence  from  the  i>oStgIacial  beds  of  Europe.  In  place  of  them  we 
meet  with  a  more  or  less  arctic  fauna,  and  a  high  alpine  and  arctic 
flora,  wbicb,  as  we  all  know,  eventually  gave  place  to  the  flora 
Hnd  fanoa  with  which  Neolithic  man  was  contemporaneous.  Aa  thia 
is  the  case  throughout  northwestern  and  central  Europe,  we  feel  justi- 
fied in  assigning  the  Thiede  beds  to  the  Pleistocene  period,  and  to  that 
ioterglacial  stage  which  preceded  and  gradually  merged  into  the  last 
glacial  epoch.    -    -    - 

If  the  student  of  the  Pleistocene  fauna  has  certain  advantages  in  the 
^t  that  he  haa  to  deal  with  forma  many  of  which  are  still  living,  he 
labors  at  the  same  time  under  disadvantages  which  are  unknown  to 
bis  coUeagaes  who  are  engaged  in  the  study  of  the  life  of  for  older 
periods.  The  Pleistocene  period  was  distinguished  above  all  things 
by  its  great  oscillations  of  climate,  the  successive  changes  being 
repeated  and  producing  correlative  migrations  of  floras  and  foaiias. 
We  know  that  arctic  and  temperate  faunas  and  floras  fioariahed 
daring  interglacial  times,  and  a  like  anccession  of  life  forma  followed 
the  final  disappearance  of  glacial  conditions.  A  study  of  the  organic 
remains  met  with  in  any  particular  deposit  will  not  necessarily,  there- 
fore, enable  us  to  assign  these  to  their  proper  horizon.    The  gcograph- 

*  FaImd  :  La  PMode  glaciairt,  p.  81. 
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ical  position  of  the  deposit  and  its  relation  to  Pleistocene  accamnlstions 
elsewhere  mast  clearly  be  taken  into  acconnt.  Already,  howerer, 
macb  has  been  done  in  this  direction,  and  it  is  probable  that  ere  long 
we  shall  be  able  to  arrive  at  a  fair  knowledge  of  the  various  modifl- 
cations  which  the  Pleistocene  floras  and  fannas  experienced  doriog 
the  protracted  period  of  climatic  changes  of  which  I  have  been 
speaking.  We  shall  even  possibly  learn  how  often  the  aroUc,  stepp«, 
prairie,  and  forest  faunas,  as  they  have  been  defined  by  Woldriob, 
replaced  each  other.  Ev«n  now  some  approximation  to  this  better 
knowledge  has  been  made.  Dr.  Pohlig,*  for  example,  has  compiled  liie 
remains  of  the  Pleistocene  faunas  obtained  at  many  different  places  io 
Europe,  and  has  present«d  us  with  a  classification  which,  although 
confessedly  incomplete,  yet  serves  to  show  the  direction  in  which  we 
must  look  for  further  advances  in  this  department  of  inquiry. 

Daring  the  l:ist  twenty  years  the  evidence  of  interglacial  conditions 
both  io  Europe  and  America  faas  so  increased  that  geologists  genw^y 
uo  longer  doobt  that  the  Pleistocene  period  was  characterized  by  great 
changes  of  climate.  The  occurrence  at  many  difierent  localities  on  the 
continent  of  beds  of  lignite  and  fresh-water  alluvia,  containing  remtuns 
of  Pleistocene  mammalia,  intercalated  between  separate  and  distinct 
bowlder  clays,  bas  left  as  no  alternative.  The  interglacial  beds  of  the 
Alpine  lands  of  Central  Europe  are  paralleled  by  aimilar  deposits  in 
Britain,  Scandinavia,  Uermaiiy,  and  France.  But  opinions  differ  as  to 
the  number  of  glacial  and  interglacial  epochs,  many  holding  that  we 
have  evidence  of  only  two  cold  stages  and  one  general  interglacisl 
stace.  This,  as  I  have  said,  is  the  view  entertained  by  most  geologists 
who  are  at  work  on  the  glacial  aecumulatious  of  Scandinavia  and  North 
Germany.  On  the  other  hand.  Dr.  Penck  and  others,  from  a  stndy  of 
the  drifts  of  the  German  alpine  lands,  believe  that  tbey  have  met  with 
evidence  of  three  distinct  epochs  of  glaciatiou  and  two  epochs  of  inter- 
glacial conditions.  lu  France,  while  some  observers  are  of  opinion 
that  there  have  t>een  only  two  epochs  of  general  glaciatiou,  others,  as 
for  example,  M.  Tardy,  find  what  tbey  consider  to  be  evidenoe  of 
several  such  epochs.  Others  again,  as  M.  Fatsan,  do  not  believe  in  the 
existence  of  any  interglacial  stages,  although  tbey  readily  admit  that 
there  were  great  advances  and  retreats  of  the  ice  during  the  glacial 
periotl.  M.  Falsan,  in  short,  believes  in  oscillations,  but  be  is  of  the 
opinion  that  these  were  not  so  extensive  as  others  maintained.  It  is, 
therefore,  simply  a  question  of  degree,  and  whether  we  speak  of  oscilla- 
tions or  of  epochs  we  must  needs  admit  the  fact  that  tbrongh  all  the 
glaciated  tracts  of  Eorope  fossiliferons  deposits  occur  intercalated 
among  glacial  accumulations.    The  successive  advance  and  retreat  of 

*Pohlig :  SiU!Uiig$b.  d.  Nitdtrrhtiniiehen  GutlliBhaft m  Jloii%  1^84 r  ZHUdr.d.  dtaUA. 
geolog.   G«g.,  1687,  p.  798.     For  a  very  full  accoiin 
Northern  Aoiatio  mammalian  rannan  b.y  Wolitricli,  i 
St.-PtttT»hourg,  1887,  7"  wit.,  torn.  xxxv. 
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the  iee^  tJierefore,  wm  not  a  local  phenouienoa,  but  charaoterized  all 
the  e^laoiated  areas.  Aod  the  evideooe  shows  that  the  oscillations 
refereed  to  were  on  a  gi^ntio  scale. 

The  relation  borne  to  the  glacial  aocamulatioDft  by  the  old  river 
allaria  which  contain  relics  of  paleolithic  man  early  attracted  atteu- 
tiOQ.  From  the  fact  that  these  alluvia  in  some  places  overlie  glacial 
deposita  the  general  opinion  (atill  held  by  some)  was  that  paleolithic 
Duu  mnst  needs  be  of  postglacial  age.  Bat  since  we  have  learned 
Uiat  all  bowlder  olay  does  not  belong  to  one  and  the  same  geological 
bwisoQ — that,  in  short,  there  bare  been  at  least  two,  and  probably 
more,  epochs  of  glaciation — it  is  obvions  that  the  mere  occarrence  of 
glacial  deposits  underneath  paleolithic  gravel  does  not  prove  these 
latter  to  be  postglacial.  All  that  we  are  entitled  in  such  a  case  to  say 
18  Rimply  that  the  implement-bearing  beds  are  younger  tbao  the  glacial 
aocnmalatioiis  upon  which  they  rest.  Their  horizon  most  be  det«r- 
mined  by  first  asoertaining  the  relative  position  in  the  glacial  aeries  of 
the  onderlying  deposits.  Now,  it  is  a  remarkable  fact  that  the  bowl- 
der cUys  which  underlie  such  old  alluvia  belong,  witbont  exception,  to 
tbe  earlier  stages  of  the  glacial  period.  This  has  been  proved  again 
and  again,  not  only  for  this  country  bat  for  Europe  generally.  1  am 
(wry  to  reflect  that  some  twenty  years  have  now  elapsed  since  I  was 
led  to  suspect  that  the  paleolithic  gravels  and  cave  deposits  were  not 
of  post-glacial  but  of  glacial  and  int«r-glacjal  age.  Id  1871-72  I  pnb- 
lished  a  series  of  papers  in  tite  Geological  Magasine,  in  which  I  set 
forth  the  views  I  bad  come  to  form  upon  this  interesting  question.  In 
tWe  papers  it  was  maintained  that  the  alluvia  and  cave  deposits  could 
not  be  of  post-glacial  age,  but  must  be  assigned  to  pre-glaoial  and  inter- 
glacial  times,  and  in  chief  measure  to  the  latter.  Evidence  was  adduced 
to  show  that  the  latest  great  developmeut  of  glacier  ice  in  Europe 
look  place  after  the  southern  pachyderms  and  paleolithic  man  had 
TUated  England ;  that  daring  tJiis  last  stage  of  the  glacial  period,  man 
lived  contemporaneously  with  a  northern  and  alpine  fauna  in  such 
regions  as  aoathern  France;  and,  lastly,  that  paleolithic  man  and  the 
wmthem  mammalia  never  re- visited  northwestern  Europe  after  extreme 
f^al  ooDditions  had  disappeared.  These  conclusions  were  arrived 
U  after  a  somewhat  detailed  examinatiou  of  all  the  evidence  then 
kTailable,  the  remarkable  distribution  of  the  paleolithic  and  ossiferous 
alluvia  hftving,  as  I  have  said,  particularly  impressed  me.  I  colored 
a  map  to  show  at  once  the  areas  covered  by  the  glacial  and  fluvio- 
Elacial  deposits  of  the  last  glacial  epoch,  and  the  regions  in  which  the 
implement-bearing  and  ossiferous  alluvia  bad  been  met  with,  when  it 
b«came  apparent  that  the  latter  never  occurred  at  the  surface  within 
tbe  regions  occapied  by  the  former.  If  ossiferous  alluvia  did  here  and 
there  appear  within  the  recently  glaciated  areas,  it  was  always  either 
ID  caves  or  as  infra-  or  iuterglaciat  deposits.  Since  tbe  date  of  these 
B  our  knowledge  of  tbe  geographical  distribution  of  PleiaCo- 
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ceae  deposits  lias  greatly  increasetl,  and  iDiplements  and  other  relics 
of  paleolithic  man  bare  been  recorded  ftttni  many  new  localidea 
thronghout  Europe.  But  none  of  this  fresb  evidence  contradicts  the 
ooncluaions  I  had  previously  arrived  at ;  on  the  oontrary,  it  has  greatly 
strengthened  my  general  argument.    -    •    ■ 

Thus  as  years  advance  the  picture  of  Pleistocene  times  becomes  moie 
and  more  clearly  developed.  The  conditions  under  which  our  old 
paleolithic  predecessors  lived — the  climatic  and  geograpbioal  changes 
of  which  they  were  the  wituesaes — are  gradually  being  revealed  witti 
a  precision  that  only  a  few  years  ago  might  well  have  seemed  impossi- 
ble. This  of  itaelf  is  extremely  interesting,  bat  I  feel  sure  that  1 
speak  the  oonvictioD  of  many  workers  in  this  field  of  labor  when  I  saj 
that  the  clearing  up  of  the  history  of  Pleistocene  times  is  not  the  onlf 
end  which  they  have  in  view.  One  can  hardly  doubt  that  when  ttae 
conditions  of  that  period  and  the  causes  which  gave  rise  to  these  )i»\ti 
been  more  fully  and  definitely  ascertained  we  shall  have  advauced 
some  way  towards  the  better  auderstanding  of  the  climatic  oondittous 
of  atill  earlier  periods.  -  -  -  It  woald  almost  seem  as  if  all  one  had 
to  do  to  ascertain  the  climatic  condition  of  any  particular  period  was  to 
prei>are  a  map  depicting  with  some  approach  to  accnracy  the  former 
relative  position  of  Ian  d  and  sea.  With  such  a  map  could  onr  meteor- 
ologists infer  what  the  climatic  cpnditions  must  have  been  t  Yes,  pn> 
vided  we  could  assure  them  that  in  other  respects  the  physical  onudi- 
tious  did  not  differ  from  the  present.  Now,  there  is  no  period  in 
the  past  history  of  our  globe  the  geological  conditions  of  which  are 
better  known  than  the  Pleistocene.  And  yet  when  we  have  indicated 
these  npou  a  map  we  find  that  they  do  not  give  the  renults  which  we 
might  have  expected.  The  climatic  conditions  which  they  seem  to 
imply  are  not  such  as  we  know  did  actually  obtain.  It  is  obvious, 
therefore,  that  some  additional  and  perhaps  exceptional  factor  was  at 
work  to  produce  the  recognized  results.  What  was  this  distnrbiug 
element,  and  have  we  any  evidence  of  its  interference  with  the  0[iera. 
tion  of  the  normal  agents  of  climatic  changes  in  earlier  periods  of  the 
world's  history  f  We  all  know  that  rarious  answers  have  been  given 
to  such  qaestions.  Whether  amongst  these  the  correct  solution  of  the 
enigma  is  to  be  found  time  will  show.  Meanwhile,  as  all  hypothesis 
and  theory  must  starve  without  facts  to  feed  on,  it  behooves  ns  as 
working  geologists  to  do  onr  best  to  add  to  the  supply.  The  aucoess 
with  which  other  problems  have  been  attacked  by  geologists  forbidei 
ns  to  donbt  that  ere  long  we  shall  have  done  much  to  dispel  some  of 
the  mystery  which  still  envelopes  the  qnestion  of  geological  climates. 
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By  G.  E.  GiLBGRT. 


Tlie  Niagara  Birer  flows  from  Lnkn  Erie  to  Lake  Outario.  The 
shore  of  Erie  is  more  than  300  feet  bigber  thao  tbe  sbore  of  Ontario ; 
but  if  yon  pass  from  tbe  bigber  nliore  to  tbe  lower,  you  do  not  dessend 
»t  a  uuiform  rate.  Starting  from  Lake  Erie  and  going  nortUward,  joa 
Irare)  upon  a  plaiu^not  level,  but  witb  only  gentle  undulations — until 
;oii  approach  tbe  sbore  of  Lake  Ontario,  and  tben  suddenly  you  find 
joiirself  on  tlie  bilnk  of  a  bigb  blnfi'  or  cliff  overlooking  the  lower  lake, 
and  separated  fh)m  it  only  by  a  narrow  strip  of  sloping  plain.  Tbe 
bird's-eye  view  in  Plate  i  is  constructed  to  show  the  relations  of  these 
TariouH  features,  the  two  lakes,  tbe  broad  plateau  lying  a  little  higher 
than  the  shore  of  Lake  Erie,  tbe  cliff,  which  geologists  call  tbe  Niagara 
BBcarpment,  and  tbe  narrow  plain  at  its  foot 

Where  tbe  Niagara  River  leaves  Lake  Erie  at  BuBalo  and  enters  the 
plain,  a  low  ridge  of  rock  crosses  its  path,  and  in  traversing  this  its 
water  is  troubled;  but  it  soon  becomes  smooth,  spreads  out  broadly, 
and  indolently  loiters  on  the  plain.  For  three-fourths  of  tbe  distance  it 
cau  not  t>e  said  to  have  a  valley,  it  rests  upon  the  surface  of  the  plateau; 
bnt  then  its  habit  suddenly  changes.  By  tbe  short  rapid  at  Goat 
Itiand  and  by  the  cataract  itself  the  water  of  the  river  is  dropiied  200 
feet  down  into  the  plain,  and  thence  to  the  cliff  at  Lewiston  it  races 
beadloDg  through  a  deep  and  narrow  gorge.  From  Lewiston  to  Lake 
Untario  there  are  no  rapids.  The  river  is  a{;ain  broad,  and  \t»  channel 
is  scored  so  deeply  in  the  littoral  plain  that  the  current  is  relatively 
Blow,  and  the  level  of  its  water  surface  varies  but  slightly  from  that  of 
the  lake. 

Tbe  narrow  gorge  that  contains  the  river  from  the  Falls  to  Lewiston 
i>  a  most  peculiar  and  noteworthy  feature.  iU  width  rarely  equals  the 
fourth  of  a  mile,  and  its  depth  to  the  bottom  of  tlie  river  ranges  from 
200  to  500  feet.  Ita  walls  are  so  steep  that  opportunities  for  climbing 
np  and  down  them   are  rare,  and  in  these  walls  one  may  see  tbe 

*Thia  emsy  coutaiui  the  anbatance  of  ■  lectnre  rend  to  llie  American  Ataoclation 
lot  the  Advance Dieot  of  SciODCe  at  iln  Toronto  uieetiuff,  Augnat,  1889.  (Prom  tbe 
Sixth  AnoDal  Beport  of  the  Commiaaiuuers  uf  the  State  BeaervalioD  at  Niagara, 
Ifm-fO.    TiaDBDiitted  to  tbe  legiBlatore  Jauuar;  23,  1690.  pp.  ei-J».) 
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gwlogic  structure  of  the  plateau,  fbey  are  conatituted  of  bedded 
rocks— limestone,  sbale,  aud  sandstone — lyiug  nearly  borizontul,  and 
n  litlle  eiaminatiou  sbows  tlint  tbe  same  strata  occur  in  tUe  same  order 
OQ  both  sides.  So  eveuly  aru  they  matched,  aud  bo  nujform  is  the 
gtneral  width  of  the  gorge,  tbat  one  ttiigbt  8a8|>ect,  after  a  baaty  exaui- 
JoatioD,  the  two  sides  had  been  cleft  asunder  by  some  Plutonic  agency. 
Bat  those  vbo  bave  ma<le  a  stndy  of  tbe  subject  bave  reached  a  dif- 
Tereot  aiid  lietter  conclasioii — tbe  coDclasion  that  tbe  trench  vos  exca- 
vated by  ranuiug  water,  so  tbat  tbe  strata  of  the  two  sides  are  alike 
because  tbey  are  parts  of  continuous  sheets,  from  each  of  which  a 
MiTOw  strip  Las  here  been  cut. 

The  contoar  of  tbe  cataract  is  subject  to  change.  From  time  to 
tiaw  blocks  of  rock  break  away,  falling  into  the  pool  below,  and  new 
«lispes  are  then  given  to  tbe  brink  over  which  tbe  water  leaps  Many 
such  falls  of  rock  bave  taken  place  since  the  white  man  occn[iied  tbe 
bauks  of  the  river,  and  the  breaking  away  of  a  very  large  secCioo  is 
Btiil  a  recent  event.  By  such  observation  we  are  assured  tbat  the 
eitent  of  the  gorge  is  increasiDg  at  its  6ud,  that  ft  is  growing  longer, 
wi  that  the  cataract  is  the  cause  of  its  extension. 

Ttiis  determination  is  tbe  first  element  in  the  history  of  tbe  river. 
A  change  is  in  progress  before  our  eyes.  The  river's  bistoiy,  like 
haiuan  history,  is  l»eing  enacted,  and  from  that  which  occurs  we  can 
draw  infereDces  concerning  what  has  occurred,  and  what  will  occur. 
We  can  look  forward  to  the  time  when  the  gorge  now  traversing  the 
foartb  part  of  the  width  of  the  plateau  will  completely  divide  it,  so 
tbat.  the  Niagara  will  drain  Lake  Erie  to  the  bottom.  We  can  look 
Incb  to  the  time  when  there  was  no  gorge,  but  when  the  water  llowed 
on  Oie  top  of  tbe  plain  to  it«  edge,  and  tbe  Falls  of  Niagara  were  at 
Lewiston. 

We  may  think  of  the  river  as  laboring  at  a  task — tbe  task  of  sawing 
ID  two  the  plateau.  The  task  is  partly  accomplished.  When  it  is  done 
tbe  river  will  assume  some  other  task.  Before  it  was  begun  what  did 
the  river  dot 

How  can  we  answer  this  question  t  The  surplus  wat«r  discharge 
fnmi  Lake  Erie  can  not  have  flowed  by  ibis  coarse  to  Lake  Ontario 
without  aawing  at  the  platean.  Before  it  began  the  cutting  of  tbe 
^rge  it  did  not  flow  along  this  line.  It  may  bave  flowed  somewhere 
clWibntif  soitdid  not  constitute  tbe  NiagaraBiver.  Thecommence- 
■WDtof  the  cutting  of  tbe  Niagara  gorge  is  tbe  beginning  of  the  his- 
loryof  the  Niagara  Uiver.  We  bave  accomplished  somewhat  of  our 
parpose  if  we  have  discovered  that  our  river  bad  a  beginning. 

We  are  so  accustomed  to  think  of  streams,  and  especi<ttly  large 
flfeams,  as  permanent,  as  flowing  ou  forever,  that  tbe  discovery  of  a 
definite  beginning  to  tbe  life  of  a  great  river  like  the  Niagara  ia  im- 
portant and  impressive.  But  tbat  discovery  does  not  stand  alone. 
Indeed,  it  is  but  oue  of  a  large  class  of  similar  facts  familiar  to  sCndeuts 
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of  geology.  Let  us  couaidec  fur  a  iiiomeut  the  tentlency  of  streain  his- 
tories and  the  teudeDcy  of  lake  liistories.  Wherever  streama  fitU  over 
rocky  ledges  in  rapids  or  in  cataracts,  fieir  power  of  erosioD  is  greatly 
iucreased  by  the  rapid  descent,  uid  they  deepen  their  channels.  If 
this  process  oontJanes  long  enough,  the  result  must  be  that  each  stream 
will  degrade  its  channel  through  the  hard  ledges  until  the  descent  is  no 
*iDore  rapid  there  than  in  other  parte  of  its  course.  It  follows  that  a 
Btream  with  cascades  and  water-falls  and  numeroas  rapids  is  laborinf 
at  an  unfinished  task.  It  is  either  a  young  stream,  or  else  nature  has 
recently  put  obstructions  in  its  path. 

Again,  consider  what  occurs  where  a  lake  interrupts  the  course  of  a 
stream.  Xbe  lower  part  of  the  stream,  the  outflowing  part,  by  deepra- 
ing  its  channel  continually  tends  to  drain  the  lake.  The  upper  conrae, 
the  inflowiug  stream,  brings  mnd  and  sand  with  it  and  deposite  them 
in  the  still  water  of  the  lake,  thus  tending  to  fill  itii  basin.  Thus,  by  a 
double  process,  the  streams  are  laboring  to  extinguish  the  lakes  that' 
li^  in  their  way,  and  given  sufficient  time,  they  will  accomplish  this. 

How,  if  you  will  study  a  large  map  ol  North  America,  you  will  find 
that  the  region  of  the  Great  Lakes  is  likewise  a  regiou  of  small  l&ke& 
A  multitude  of  lakes,  lakelets,  ponds,  and  swamps  where  pouds  (wce 
were,  characterize  the  surface  from  the  Great  Lakes  northward  to  the 
Arctic  Ocean,  aud  for  a  distance  southward  into  the  United  States.  Ih 
the  same  region  waterfalls  abound,  aud  many  streams  consist  of  men 
alternations  of  rapids  and  pools.  Further  south,  iu  the  regiou  beyond 
the  Ohio  River,  lakes  and  cataracts  are  rare.  The  majority  of  the 
streams  flow  from  source  to  mouth  with  regulated  course,  their  watere 
descending  at  first  somewhat  steeply,  and  gradually  becomiog  more 
nearly  level  as  they  proceed.  At  the  south  the  whole  drainage  system 
is  mature ;  at  the  north  it  is  immature.  At  the  south  it  is  old ;  at  the 
north,  yonng. 

The  explanation  of  this  lies  in  a  great  geologic  event  of  somewhat 
recent  date — the  event  known  as  the  age  of  ice.    Previous  to  the  ioe 
age  our  streams  may  have  been  as  tame  and  orderly  as  tliuse  oF  the 
Southern  States,  and  we  have  uo  evidence  that  there  were  lakes  io  tiiis 
regiou.     Daring  the  ice  age  the  region  of  the  Great  Lakes  was  some- 
what in  the  condition  ot~  Greenland.    It  was  covered  by  an  immeoas  i 
sheet  of  ice  and  the  ice  was  iu  motion,    in  general  it  moved  from  noitk  ' 
to  south.    It  carried  with  it  whatever  lay  loone  upon  the  surface.    It  ' 
did  more  than  this,  for  just  as  the  soft  water  of  a  stream,  by  drafginc 
sand  and  pebbles  over  the  bottom,  wears  its  channel  deeper,  so  tlw  ' 
plastic  ice,  holding  grains  of  sand  and  even  large  stones  in  its  under 
surface,  dragged  these  across  the  underlying  rock,  and  in  this  way  not 
only  scoured  and  scratched  it,  but  even  wore  it  away. 

In  yet  other  ways  the  moving  ioe  mass  was  analogous  to  a  river.  Its 
motion  was  perpetual,  and  its  form  changed  little,  but  that  whiota 
moved  was  continually  renewed.    As  a  river  is  supplied  by  rain,  aotbe 
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gtwier  was  Hopplied  by  snow  falling  npoD  regioDS  ftirto  the  north.    To 

scertaJD  extent  the  glacier  discharKed  to  tbe  ocean  like  a  river,  break- 
inf  np  into  icebergs  and  floating  away;  but  its  cbief  diKobarge  was 
upon  the  laud,  tbrough  melting.    The  climate  at  its  southern  margin 

■asrelatirely  irarm,  and  into  tbia  warm  climate  the  sheet  of  ice  steadily 
paabed  and  was  as  steadily  dissolved. 

Whatever  stones  and  earth  were  picked  up  or  torn  ap  by  the  ice 
mored  with  it  to  its  sontbem  margin  and  fell  to  the  ground  aa  tbe  ice 
melted.  If  the  position  of  tbe  ice  margin  bad  been  perfectly  uniform 
iu continuonsly  deposited  load  might  bnve  bnilt  a  single  high  wall; 
bnt  as  the  seasons  were  cold  or  warm,  wet  or  dry,  the  ice  margin 
viranced  and  retreated  with  endless  variation,  and  this  led  to  the 
depositioa  of  irregalar  congeries  of  hills,  constituting  what  is  known 
iflUie  "drift  deposit,"  Bveutaally  the  warm  climate  of  the  south  pre- 
railed  oxer  tbe  invader  bom  of  a  cold  climato,  compelling  it  to  retreat. 
The  motioQ  of  tbe  ice  carrent  was  not  reversed,  bnt  the  front  of  the 
gUeier  was  melted  more  rapidly  than  it  could  be  renewed,  nud  thus  its 
vea  was  gradually  restricted.  During  tbe  whole  period  of  n^treicb- 
BwDt  the  deposition  of  drift  proceeded  at  the  margin  of  the  ice,  so 
ttat  tbe  entire  area  that  it  formerly  occupied  is  now  uiversified  by 
imgulai  sheets  and  heapings  of  earth  and  stone. 

The  ancient  conflguradon  of  the  conntry  was  more  or  less  modified 
tf  tfae  erosive  action  of  the  ice,  and  it  was  further  modified  by  the 
^epoiits  of  drift.  The  destructive  and  constructive  agencies  together 
e>Te  to  the  land  au  entirely  new  system  of  hills  and  valleys.  When 
tbe  ice  was  gone  the  rain  that  fell  on  the  land  could  no  longer  follow 
ibe  old  lines  of  drainage.  Some  of  the  old  valleys  bRd  perhaps  been 
Miterated;  others  had  been  changed  so  that  their  descent  was  in  a 
'fiKrent  direction,  and  all  were  obstructed  here  and  there  by  the  heaps 
*f  drifts.  Tbe  waters  were  held  apon  the  surface  in  innumerablt^ lakes, 
uA  overflowing  at  the  lowest  side  of  its  l>asiu,  and  thus  giving  birth 
Aistream  that  descended  to  some  other  lake.  Often  the  new  lines 
>tf  descent — tbe  new  wal«r  courses — crossed  regions  that  before  had  had 
WiBtreams,  and  then  they  were  compelled  to  dig  their  own  channels. 
Am  it  was  tbat  tfae  whole  water  system  of  a  vast  region  was  refasb- 
kud,  and  thus  it  has  come  to  pass  tbat  the  streams  of  this  region  are 
■ipmiig. 

Ijke  every  other  stream  of  the  district  of  the  Great  Lakes,  the 
jm^ra  was  bom  daring  the  melting  of  tbe  ice,  and  so  we  may  begin 
fUr  chronicle  with  the  very  beginning  of  the  rivtr. 
■  If  yon  will  again  call  to  mind  the  features  of  a  general  map  of  the 
ivnited  States  and  Canada,  and  consider  the  direction  in  which  tbe 
^WiDB  flow,  you  will  perceive  that  there  is  a  contiuuons  npland,  a  sort 
ifnsiD  divide,  separating  tbe  basin  of  the  Great  Lakes  from  the  basin 
^  the  Mississippi.*    It  is  not  a  monntain  range.    In  great  part  it  is  a 

'Aputof  ita  eoane  oppeon  asft  biokeu  llneoa  tbe  nutpein  Figa.  3  and  4.        ^'^^IC 
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region  of  bills.  Id  places  it  is  only  the  bighMt  part  of  the  plus;  bat  it 
is  DeTertbelesaacoDtiDnoos  apland,  else  the  vaters  voald  not  be  patted 
along  ita  oonrse.  When  the  ice  had  Its  greatest  extent  it  passed  over 
this  apland,  so  that  the  waters  prodaced  by  its  melting  fell  into  the 
Ohio  and  othir  tributaries  of  the  Mississippi,  as  well  as  into  streams 
that  discharged  to  Delaware  and  Oheeapeake  Bays.  Afterward,  wben 
the  glacier  gradaally  fell  back,  there  came  a  time  when  the  ice  &ont  lay 
in  the  main  to  the  north  of  the  great  water  parting,  bat  had  not  yet  re 
ceded  ttom  the  Adirondack  Moantains,  so  that  the  water  Uint  flowed 
from  the  meltiag  glacier  coald  not  esoape  by  way  of  the  Bt.  Lawrence' 
Siver,  bnt  gathered  as  a  lake  between  the  upland  divide  and  theic« 
front.  Td  fact,  it  formed  not  one  bat  many  lakes,  each  diachargiog 
across  the  divide  by  some  low  pass,  and  as  tbe  great  retreat  progressed 
these  lakes  were  varied  in  namber  and  extent,  so  that  their  fall  bisttHT 
is  exceeding  complex. 

The  aarfaces  of  these  lakes  were  stirred  by  the  winds,  and  waves  best 
npon  their  shores.  In  places  they  washed  oat  the  soft  drift  and  carved 
olifts;  elsewhere  they  fasbiooed  spits  and  bars.  These  cliOia  and  apiu 
aud  other  monamuitB  of  wave  work  survive  to  the  present  time,  and  ; 
have  made  it  possible  to  trace  out  and  map  certain  of  tbe  aucient  lakes,  i 
Tbe  work  of  surveying  them  ia  barely  began,  but  from  what  is  knova 
we  may  add  a  chapter  to  the  history  of  oar  river.  I 

There  was  a  time  when  one  of  these  lakes  occupied  the  western  po^ 
tioD  of  tbe  basin  of  Lake  Erie,  and  discharged  across  the  divide  at  the 
point  where  the  city  of  Fort  Wayne  now  stands,  running  into  (he 
Wabash  River  aud  thence  into  tbe  Ohio.  Tbe  channel  of  this  dischargs 
is  so  well  preserved  that  its  meaning  can  not  be  mistaken,  and  tbe 
associated  shore  lines  have  been  traced  for  many  wiles  eastward  into 
Ohio  aud  northward  into  Michigan.  Afterward  this  lake  found  some 
other  point  ot  discharge,  and  a  uew  shore  line  was  made  25  feeC 
lower.  Twice  again  the  point  of  discharge  was  shifted  and  other 
shore  lines  were  formed.  The  last  and  lowest  of  the  series  baa  been 
traced  eastwai-d  across  the  States  of  Ohio  and  Pennsylvania  and  iDt»  I 
western  New  York,  where  it  fades  away  iu  tbe  vicinity  of  the  town  of  I 
Carey  ville.  At  each  of  the  stages  represented  by  these  four  shore  line* 
tbe  site  of  the  Niagara  was  either  buried  beneath  the  ice  or  else  enb- 
merged  under  the  lake  bordering  tbe  ice.    There  was  no  river. 

Tbe  next  change  in  the  history  of  tbe  lakes  was  a  great  oncL  Tbe 
ice,  which  had  previously  occupied  nearly  tbe  whole  of  the  Ontario 
basin,  so  far  withdrew  as  to  enable  the  accumulated  water  lo  flow  out 
by  way  of  the  Mohawk  Valley.  The  level  of  discharge  was  tbus  sud- 
denly lowered  550  feet,  and  a  large  district  previously  submerge*)  be- 
came dry  land.  Then  for  tbe  first  time  Lake  Brie  and  Lake  Ontario 
were  sepiirated,  and  then  lor  tbe  tint  time,  the  Niagara  Biver  carried 
tbe  surplus  water  of  Lake  Erie  to  Lake  Ontario. 

Tbe  waves  of  the  new-born  Lake  Ontario  at  once  began  to  C4rv« 
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abont  its  ma^n  a  record  of  ita  existeaoe.  That  record  is  wonderfnlly 
clear,  and  the  spedal  training  of  the  geologist  has  not  been  ueoeaaary 
to  the  recognition  of  its  import  The  earliest  books  of  travel  in  west- 
em  Nev  York  describe  the  Bidge  road,  and  tell  ns  that  the  ridge  of 
«aad  and  gravel  which  it  follows  was  even  then  recognised  by  all  resi- 
(leatfl  08  AD  ancient  beach  of  the  lake.'  In  the  Province  of  Ontario, 
the  beach  was  examined  and  described  by  the  great  Gnglish  geologist. 
Cbariea  Lyell,  daring  his  celebrated  jonrney  in  America,t  SDd  it  after- 
ward received  more  carefnl  atady  by  Mr.  Sandford  Fleming,}  and  by 
fliB  geologists  of  the  Canadian  Survey-J  la  western  New  York  it  was 
tiacedootby  the  great  Amencao  geologist,  Jamea  Hall,  during  his  survey 
Dftbflgeologyofthefonrthdistrictof  theState.||  Withiuafew  years  more 
aiCeDtion  has  been  given  to  detail.  Prof.  J.  W.  Spencer  has  traced  the 
line  ooDtinuonsly  fh>m  the  head  of  the  lake  at  Hamilton,  past  Toronto, 
Windsor,  and  Grafton,  in  the  vicinity  of  Belleville,1|  beyond  which 
point  it  is  hard  to  follow.  9oath  of  the  lake,  I  myself  have  traced  it 
fKHD  Hamilton  to  Qneeustowii  and  Lewiston,  thence  to  Rochester,  and 
■I!  about  the  eastern  end  of  the  basin  to  Watertown,  beyond  which 
point  it  is  again  difficult  to  trace.  Boatheast  of  the  present  margin  of 
Uke  Ontario  there  was  a  great  bay,  extending  as  far  south  as  Caynga 
lake,  and  inclnding  the  basin  of  Oneida  Lake,  and  it  was  from  this 
bif  Uiat  the  discharge  took  place,  the  precise  point  of  overflow  being 
Uie  present  site  of  the  city  of  Bome.  For  this  predecessor  of  Lake  On- 
Eario  Professor  Spenoer  has  proposed  the  name  of  Iroquois. 
Patting  together  the  results  of  his  survey  and  of  my  own,  I  have 
ixea  able  to  prepare  a  map  (PL  ii)  exhibiting  with  a  fair  amount  of 
letail  the  outline  of  the  old  lake.  It  will  be  ottserved  that  the  north- 
iwtera  portion  of  the  shore  is  not  traced  out.  In  fact  it  is  not  trace- 
>b]e,  The  water  was  contained  on  that  side  by  the  margin  of  the 
Claeier,  and  with  the  final  melting  of  the  ice  all  record  of  its  shore 
ruiahed. 

Tile  form  and  extent  of  Lake  Iroquois,  and  the  form  and  extent  of 
laeh  other  lake  that  bordered  the  ice  front,  were  determined  partly  by 
deposition  of  the  pass  over  which  the  discharge  took  place,  and  by  the 
ODtMir  of  the  land;  bat  they  were  also  determined  to  a  great  extent 
'/  tbe  peculiar  attitude  of  the  land. 

'  C.  SehoUz,  Jr.  Travels  on  ftu  Inland  YttjAge  -  -  -  in  the  yoate  1607  and 
*e,  Kew  York,  1810,  p.  K. 

Dt  Wit  Clinton.    Diaconne  before  tbe  Ne«r  Vork  Historical  Society,  1611,  p.  58. 

Fnaeii  Hall.  TravelB  in  Canada  and  the  United  States  in  1816  and  im,  Boaton, 
aa,  p.  119. 

ITtafeh  in  North  America  in  the  years  184U'42.    New  York,  ItMg,  vol.  2,  pp.  66, 67. 

IStDdrord  Fleming.  Notes  on  the  Davenport  gravel  drirt.  Canadian  Jomrnal,  new 
«**  »ol.  6,  pp.  247-253. 

Ideological  Snrvey  of  Canada,  report  tn  1^1,  pp.  U14,915. 

INatoral  Hietor;  of  New  York.    Geolog;,  Part  IV,  pp.  348-»5'l. 

TCammnnlcated  to  the  PhilosaphiciirBnctetf  of  Wonhington,  to  be  published  in 
i.  U  of  tbe  Balletln  of  tbe  Societ/. 

DcmizedbvGoOglc 


THE   HI8T0EY   OP   THE   NIAGARA   HIVER. 


!,,l 


^i 


^ 

i 

>' 


i_ 


DcmizedbvGoOglc 


THE  HISTORY  OF  THE   NIAGARA  KIVEH.  239 

Perhaps  a  vonl  of  general  explanation  is  necesBary  ia  speaking  of 
the  Httitade  of  tUe  land.  Geologists  are  proue  to  talk  of  elevation  and 
snbaideuce— of  the  nprieiDg  of  the  earth's  crust  at  one  place  or  at  one 
time,  and  of  its  dovn-siokiug  at  another  place  or  another  time.  Tbeir 
langnage  nsually  seems  to  imply  the  rise  or  fall  of  au  area  all  together, 
nitboat  any  relative  displacement  of  its  parts ;  but  you  will  readily  see 
iliat,  aoless  a  rising  or  sinking  tract  is  torn  asunder  fh)m  its  surroaud- 
iugs,  there  must  be  all  about  it  a  belt  in  which  the  surface  assumes  an 
inclioed  position,  or,  in  other  words,  where  the  attitude  of  the  land  is 
changed.  If  the  district  whose  attitude  changes  is  a  lake  basin,  the 
change  of  attitude  will  cause  a  change  iu  the  position  of  the  line  marked 
aboat  tbe  slopes  of  the  basin  by  the  water  margin,  and  it  may  even 
C3QBe  the  overflow  of  the  basin  to  take  a  new  direction. 

The  Ontario  basin  has  been  subjected  to  a  very  notable  change  of 
attilDde,  and  tbe  effect  of  this  change  has  been  to  throw  the  ancient 
sboreline  ont  of  level.  When  the  shore  line  was  wrought  by  Che  waves, 
all  parts  of  it  must  have  lain  in  tbe  same  horizontal  plane,  and  had 
tbpre  been  no  change  in  the  attitude  of  the  basin,  every  point  of  the 
ibon  lino  would  now  be  found  at  the  level  of  the  old  ontlet  at  Rome. 
Josteatl  of  this,  we  find  that  the  old  gravel  spit  near  Toronto— the 
Daveaport  ridge — is  40  feet  bigber  than  the  oouteinporaneous  gravel 
apiton  which  Lewiston  is  built;  at  Belleville,  Ontario,  the  old  shore  is 
'M  feet  bigber  than  at  Rochester,  New  York ;  at  Watertown  300  feet 
bighertban  at  Syracuse;  and  tbe  lowest  point,  in  Hamilton,  at  the 
bead  of  tbe  lake,  is  325  feet  lower  than  the  highest  point  near  Water- 
town.  From  these  and  other  measurements  we  learn  that  the  Ontario 
baaui  with  its  new  attitude  inclines  more  to  the  south  and  west  than 
■ith  tbe  old  attitude. 

The  point  of  dischnrge  remained  at  Rome  as  long  as  tbe  ice  was 
crowded  high  against  the  uorthem  side  of  the  Adirondack  Mountains, 
bat  eventually  there  came  a  time  when  the  water  escaped  eastward 
between  the  ice  and  the  mountain  slope.  The  line  of  the  St.  Lawrence 
■as  not  at  once  opened,  so  that  tbe  subsidence  was  onlv  partial.  The 
*ater  was  held  for  short  times  at  various  iutermeiliate  levels,  recorded 
at  the  east  iu  a  series  of  faint  shore  lines.  Owing  to  tbe  attitude  of  tbe 
land,  these  shores  are  not  traceable  all  about  the  basin,  but  pass  be- 
Keatb  the  present  water  level  at  various  points. 

Finally  the  ice  blocka<le  was  raised  iu  the  St.  Lawrence  Valley,  and 
the  present  ontlet  was  established.  During  the  period  of  final  retreat 
the  attitude  of  tbe  land  bad  slowly  changed,  so  that  it  was  not  then  so 
ptatly  depressed  at  the  north  as  before;  but  it  ha<l  not  yet  acquired 
its  present  position,  and  for  a  time  liake  Ontario  was  smaller  than  now, 
itoweeterii  margin  lying  lower  down  on  the  slope  of  the  basin. 

An  attempt  has  been  made  in  PI.  iii  to  exhibit  diagramatically  the 
nlatioQB  of  ice  dams  and  basin  attitudes  to  one  another  and  to  the  river. 
The  varioas  elements  are  projected,  with  exaggeration  of  heights,  oa  a 
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Tertical  plaoe  ruDiiing  a  little  west  of  soatb,  or  parallel  to  tbe  directiou 
of  greatest  JDcliuation  of  old  water-p|aiie3.  At  X  is  repreneDted  the 
Niagara  escarpment  and  the  associated  slope  of  tlie  lake  baain;  at  A 
the  Adirondack  Mouotaias.  K  and  T  are  the  passes  at  Rome  and  at 
Ihe  Thoasaud  Islands.  Snccessive  positioos  of  tbe  iv«  front  are  marked 
at  I',  1*,  aud  P.  Tbe  straitflit  line  numbered  1  represeDts  tbe  level  of 
lake  irater  previous  to  tbe  origia  of  tbe  Niagara  River;  2  gives  tbe  first 
IMMitioD  of  tbe  wat«r  level  after  the  establisbment  of  the  Itome  outlet; 
and  the  level  graduall;  shifted  to  3;  4  is  tbe  first  of  tbe  series  of  tem- 
porary water  levels  when  tbe  water  escaped  between  the  mountain 
slope  and  the  ice  front;  5  represents  tbe  first  position  of  the  water  level 
after  tbe  occupation  of  the  Thousand  Island  outlet ;  and  6,  the  present 
lere)  of  Lake  Ontario. 

It  sbonld  be  added  parenthetically  that  tbe  shore  of  Lake  Iroquois 
ag  mapped  in  PI.  II  is  not  quite  syncbronons.  Between  2  and  3  of  Pi. 
m  tliere  was  a  contiuuous  series  of  water  levels,  but  it  was  not  easy  to 
map  any  one  except  the  highest.  Tbe  uortberu  part  of  the  map  delin- 
eates the  margin  of  water  level  2  and  the  sonthern  part  tbe  margin  of 
water  level  3. 

It  is  easy  to  see  that  these  various  changes  contribute  to  modify  the 
bistoty  of  tbe  Niagara  River.  In  the  t>eginning,  when  the  cataract 
■as  at  LewistOD,  tbe  margin  of  Lake  Ontiirin,  inntead  of  being  7  miles 
away,  as  now,  was  only  1  or  2  miles  distuut,  and  the  level  of  its  water 
was  about  75  feet  higher  than  at  present.  Tbe  outlet  of  the  lake  was 
at  Borne,  and  while  it  there  cootinned  there  was  a  progressive  change 
in  the  attitude  of  the  land,  cnuHing  tbe  lake  to  rise  at  tbe  month  of  the 
>'iagara  until  it  was  12o  feet  higher  than  now.  It  fairly  washed  the 
loot  of  the  cliff  at  Queenston  and  Lewiston.  Then  came  a  time  when 
liie  lake  fell  suddenly  through  a  vertical  distance  of  250  feet,  and  its 
Bbore  retreated  to  a  position  now  submerged.  Numerous  minor  oscil- 
iatioDs  were  caused  by  successive  shiftings  of  the  point  of  discbarge, 
ami  by  progreaslve  changes  in  tbe  attitude  of  the  land,  until  finally  the 
present  outlet  was  acquired,  at  which  time  the  Niagara  River  had  its 
Ceatest  length.  It  then  encroached  5  miles  on  the  modern  doman  of 
Idke  Ontario,  and  began  a  delta  where  now  the  lead-line  runs  out  30 

l^thoQlB. 

While  the  level  of  discharge  was  lower  than  now,  the  river  had  dif- 
^Dt  powers  as  an  eroding  agent.  The  rocks  underlying  tbe  low 
plain  along  the  margin  of  tbe  lake  are  very  soft,  and  where  a  river 
kwH  across  yielding  rocks  tbe  depth  to  which  it  eroiles  is  limited 
ctiiefly  by  tbe  level  of  its  i>oint  of  discharge.  So  when  the  point  of 
discharge  of  the  Niagara  River — tbe  surface  of  the  lake  to  which  it 
flowed— was  from  100  to  200  feet  lower  than  now,  the  river  carve<l  a 
cbaiiDel  far  deeper  thiui  it  could  now  ciirve.  When  afterward  tbe  rise 
if  laud  in  the  vicinity  of  tbe  outlet  carried  the  water  gradually  up  to  its 
present  position  in  the  basin  this  channel  was  partly  filled  by  sapdaud 
H.Mi8.129 18  t,OOglc 
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other  debris  brought  by  the  cnrreot;  bat  it  was  not  coniplet«Iy  filled, 
and  its  remarkable  preaent  depth  is  one  of  the  snrriviag  witnesses  of 
the  shifting  drama  of  the  Ontaria  Near  Fort  Xiagara  12  fathoms  of 
water  are  shown  on  the  charts. 

Mr.  Warren  Upbam  has  made  a  similar  discovery  iu  the  basiuofthe 
Red  River  of  the  ITurth.  That  ba»in  held  a  large  lake,  draining  soatb- 
wanl  to  the  Missistiippi — a  lake  whose  association  with  the  greut  glacier 
Upbam  appropriately  signalized  by  naming  it  after  the  ai>os  le  of  "  the 
glacial  theory,"  Louis  Agassiz.  The  height  of  the  old  Agassis  shore 
has  been  carefully  measuretl  by  Mr.  Uphani,  throngh  long  distances, 
and  it  is  found  to  rise  continuously,  though  uot  quite  uniformly,  toward 
the  north.  Similar  discoveries  have  been  made  in  the  basins  of  Erif, 
Hnrou,  and  Michigan,  and  the  phenomena  all  belong  approximate;  Ui 
the  same  epoch.  So,  white  the  details  remain  to  be  worked  out,  the 
general  foot  is  already  established  that  during  the  epoch  of  the  ioe 
retreat  the  great  plain  constituting  the  Ijaureotiaa  basin  was  more 
ineline<l  to  the  northward  than  at  present. 

It  was  shown,  first  iu  the  case  of  Lake  Agassiz,  and  afterwanl,  u 
already  stated,  in  the  case  of  Lake  Ontario,  that  the  change  from  the 
old  attitude  of  tbe  laud  to  the  present  attitude  was  in  progress  daring 
the  epoch  of  the  ice  retreat.  The  land  was  gradually  rising  to  tbe 
north  or  northeast.  In  each  lake  basin  the  water  either  retreated  (rm 
its  northern  margin,  so  as  to  lay  bare  more  laud,  or  encroached  on  its 
southern  margin,  or  else  both  these  changes  occurred  together ;  nnd  in 
some  ciises  we  have  reason  to  believe  that  the  changes  were  so  exten- 
sive that  the  outlets  of  lakes  were  shifted  from  northerly  passes  to  more 
southerly  passes. 

To  illustrate  the  ed'ect  of  the  earlier  system  of  land  slopes  upon  the 
distribatioQ  of  water  in  the  region  of  tbe  Great  Lakes  I  have  con- 
structed the  map  in  PI.  iv.  It  does  not  postulate  the  system  of  ler^la 
most  divergent  from  the  present  system,  but  a  system  snch  as  may 
have  existed  at  the  point  of  time  when  the  last  glacial  ice  was  meiwl 
from  the  region.  The  mmleru  system  of  drainage  is  drawn  iu  brokeD 
lines;  the  hypothetic  system  iu  full  lines,  with  shading  for  tbe  Ute 
areas;  and  a  heavier  broken  line  toward  the  bottom  of  the  map  marks 
tbe  position  of  the  present  water-parting  at  tbe  southern  edge  of  the 
Laurentian  basin.  ' 

Id  the  ancient  system  of  drainage,  Georgian  Bay,  instead  of  being  > 
dependency  of  Lake  Huron,  is  itself  the  principal  lake,  and  receiret 
the  overdow  from  Huron.  It  expands  toward  the  uortheast  so  as  to 
include  the  basin  of  Lake  Nipissing,  and  its  discharge  is  across  a  some- 
what low  pass  at  the  east  end  of  Lake  Nipiasing,  and  thence  down  the 
Ottawa  River  to  the  St.  Lawrence.  Lake  Michigan,  instead  of  (M<i|' 
municating  with  Lake  Huron  by  a  strait,  forms  a  tributary  lake,  did 
charging  its  surplus  through  a  liver.  Lake  Superior  has  tbesaoK  : 
relatioDS  as  now,  but  its  overdow  traverses  a  greater  distance  before 
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reaching  Lake  Huron.  Superior,  Micfaigan,  Huron,  and  Qeorgiacon- 
stitute  a  lake  eyBtem  \iy  tbemeelves,  independent  of  Erie  and  Ootario^ 
HndtUecbanneloftbeDetroitBiverisdry.  Lake  Erie  and  LakeOntark^ 
botii  greatly  reduced  in  size,  cottstitate  another  chain,  bat  their  oos- 
nectiug  link,  the  Niagara  Rirer,  is  a  comparatively  small  stream,  for 
the  diversion  of  the  u])per  lakea  roba  the  river  of  seven-eighths  of  its 
tributary  area. 

Whether  thia  hypothetic  state  of  drainage  ever  existed,  whether  the 
ice  retreated  front  tlie  Nipissing  pasa  while  still  the  changing  attitude 
uf  the  land  was  audi  as  to  turn  the  Georgian  outlet  in  that  directioD, 
are  questions  not  yet  answered.  But  such  data  as  I  have  at  present 
incline  mo  to  the  belief  that  for  a  time  the  upper  lakes  did  discharge 
across  the  Nipissing  puss. 

Professor  Spencer  has  decribed  a  channel  by  which  Georgian  Bay 
once  drained  across  a  more  southerly  pass  to  tbe  valley  of  the  Trent 
Biver,  and  tbence  to  Lake  Ontario.*  He  states  that  there  is  an  ancient 
shore  line  about  Georgian  Bay  associated  with  thia  outlet,  and  that  he 
has  traced  this  line  westward  and  southward  until  it  comes  down  to 
tbe  shore  of  Lake  Huron,  demonstraliug  that  during  the  existence  of 
that  outlet  also,  tbe  Detroit  River  ran  dry.  The  Trent  pass  is  mnch 
higber  than  the  Nipisaing  pass,  so  that  it  appears  necessary  to  assane 
that  during  the  bit^tory  of  the  Trent  outlet  for  tbe  upper  lakes  the 
great  glacier  still  occupied  tbe  region  of  Lake  Nipiasing,  preventing 
the  esca^ie  of  the  water  in  that  direction. 

The  map  in  PI.  v  representjs  the  system  of  lakes  and  outlets  at  tbat 
time.  It  is  largely  theoretic,  but  at  the  same  time  I  believe  its  general 
featorea  consistent  with  our  present  knowledge  of  tbe  facts. 

Uuless  I  have  misunderstood  Professor  Spencer,  Lake  Ontario  vaa 
at  high  stage  iu  the  first  part  of  tbe  epoch  of  tbe  Trent  Valley  outlet, 
and  was  afterwards  at  low  stage.  I  have  selected  as  tbe  date  of  my 
map  tbe  epoch  of  tbe  high  stage,  with  the  outlet  of  Ontario  at  Borne, 
and  have  indicated  an  ice  sheet  so  extensive  as  to  block  the  way  not 
only  at  Lake  Nipisaing  but  at  the  pass  of  the  Thousand  Islands.  Tbe 
date  of  this  map  is  earlier  than  the  otber ;  it  belongs  to  a  time  when 
the  northward  depression  of  tbe  land  wns  greater.  Lake  Erie  is  repre. 
seuted  as  less  in  extent,  for  its  basin  in  that  position  would  hold  less 
water.  Huron  and  Outirio  would  likewise  be  smaller  were  their 
waters  free  to  eacape  over  tlie  lowest  paaaea ;  but  the  ice  blocks  the 
way,  and  so  their  waters  are  raised  to  the  level  of  higher  passes.  Of 
tbe  contemporaneous  relations  of  tbe  upper  lakes  we  know  nothing  at 
present.  They  are  drawu  as  though  communicatiug  with  Lake  Haroo, 
but  it  is  eipially  [wssible  that  they  fell  into  some  other  draini^ 
aystem.  Here  again  tbe  Detroit  channel  was  not  in  use,  and  the 
Nl^agara  River  was  outlet  only  for  the  waters  of  the  Erie  basin. 


•  rrvetvdi«<j>  Am.  Aeioc.  .Ide.  Sei.,  37th  Meeting  (Cleveland),  pp.  19S--109. 
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Graphic  metbods  are  ill  adapted  to  tlie  commanicatioii  of  qualified  w 
indefinite  stataments.  hy  tlie  aid  of  a  map  one  can  iodicate  definitely 
tbe  relation  of  Albany  to  otiier  places  and  tbioKS^  bat  be  cannot  nj 
indefinitely  tbat  Albany  is  Bomewhere  in  eastern  New  York,  dot  can 
be  say,  with  qnaliflcation,  that  it  is  probably  ou  the  Mohawk  Birer. 
For  this  reason  I  have  decided  to  publish  these  two  maps  only  after 
hesitation,  because  I  should  greatly  regret  to  prodnce  tbe  impresuoD 
tbattbe  particniarcouflgaratiou  of  lakes  and  outlets  here  delineated 
has  been  antaally  demonstrated.  The  facts  now  at  command  are  sag- 
gestive  rather  than  conclusive,  and  when  the  subject  shall  have  been 
folly  investigated  it  is  to  be  exi)ect«d  that  tbe  maps  representing  tbne 
epochs  will  exhibit  material  differences  from  those  I  hare  drawn.  Hie 
sole  point  that  I  wish  to  develop  at  tbistime  is  the  probability  thatdar- 
inga  portion  of  tbe  history  of  tbe  Niagara  River  its  drainage  district — 
that  area  from  which  its  water  was  supplied — was  far  less  than  itiBat 
tbe  present  tjme.  There  is  reason  to  believe  that  during  an  epoch 
which  may  have  been  short  or  long— we  can  only  vaguely  coiyeclare— 
the  Niagara  was  a  comparatively  small  river. 

Tbe  oharaotars  of  the  gorge  are  in  general  remarkably  uniform  from 
end  to  end.  Its  width  does  not  vary  greatly ;  its  course  is  flexed  bnt 
slightly ;  its  walls  exhibit  the  same  alternation  of  soft  and  hard  roeks. 
But  there  is  one  exceptional  point.  Midway,  its  course  is  abruptly 
beut  at  right  angles.  On  the  outside  of  the  angle  there  is  an  enlai^ 
ment  of  the  gorge,  and  this  enlargement  contains  a  deep  pool,  called 
the  Whirlpool.  At  this  point,  and  on  this  side  only,  the  material  of 
tbe  wall  bae  an  exceptional  character.  At  every  other  point  there  is 
an  alternation  of  sbales,  sandstones,  and  limestones,  capped  above  by 
an  nneQual  deposit  of  drift.  At  this  point  limestones,  sandstones,  and 
shales  di8E^>pear,  and  the  whole  wall  is  made  of  drift.  Here  is  a  place 
where  the  strata  that  floor  the  plateau  are  discontinuous,  and  mnst 
have  been  discontinuous  before  the  last  occupation  of  the  region  of  die 
glacier,  for  the  gap  is  filled  by  glacial  drift. 

Another  physiographic  feature  was  joined  to  this  by  Lyell  and  HaU. 
They  observed  that  tbe  cliff  limiting  the  plateau  has,  in  general,  a  very 
straight  coarse,  with  few  indentations.  Bnt  at  the  town  of  tSt.  David's, 
a  few  miles  west  of  Queenston.  a  wide  flaring  gap  occurs.  This  giq) 
is  partly  filled  by  drift,  and  although  the  glacial  nature  of  the  drift 
was  not  then  understood,  it  was  clearly  perceived  hy  those  geologists 
that  the  drift-fltled  break  marked  the  position  of  a  line  of  erosion 
established  before  the  period  of  the  drift.  Patting  together  the  two 
anomalies,  tbey  said  that  the  drift-filled  gap  at  the  Whirlpool  belonged 
to  the  same  line  of  ancient  erosion  with  the  drift-filled  gap  at  St. 
David's.*  Their  conclusion  bas  been  generally  aoceptedby  sabseqaeot 
investigators,  but  tbe  interpretation  of  tbe  phenomena  was  omied 


"  Travels  in  North  AmericH.     By  Cbarles  I.vell.     New  Totk,  IWG.     Vol,   it,  pp. 
-80.  NatnralHistoryof  N«ir  York.    Geology,  Part  [V.    By  James  Hall,  pp.  3S^^9D. 
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llftlu  further  until  tlie  subject  waH  Htmlieil  by  Dr.  Julius  Pobltuaii.* 
lie  pointed  out  that  tbe  upper  course  of  the  aucieut  gorge  could  not 
bave  laJQ  oatside  tbe  oiodern  gorge.  If  the  course  of  one  gorge  lay 
at^vart  the  course  of  the  other,  we  nhonld  have  two  breaks  in  the  con- 
tinQity  of  the  strata,  instead  of  the  single  one  at  the  Whirlixwi.  Tbe 
upper  |iart  of  tbe  aucieut  gorge  necessarily  (coincides  with  a  part  of  tbe 
Djodern  gorge;  and  so  when  the  catara^it,  in  the  progressive  excava- 
tioDof  the  caSou,  reached  a  point  at  the  Whirlpool  where  it  bad  no 
firm  rock  to  erode,  it  bad  only  to  cle^r  out  the  incobereut  earth  iiud 
bovldera  of  glacial  drift  To  whatever  distance  tbe  gorge  of  the 
earher  stream  extended,  the  modern  river  found  its  lat>orions  task  ]ier- 
formed  in  advance. 

Let  us  put  together  what  we  have  learned  of  the  Niagara  hintory. 
The  river  began  ittt  existence  daring  the  final  retreat  of  tlie  great  ice 
sheet,  or,  in  other  words,  during  tbe  series  of  events  that  closed  the  age 
of  the  ice  in  North  America,  If  we  consider  as  a  geologic  )>enod  tbe 
eadre  time  that  bas  elapsed  since  tbe  beginning  of  tbe  age  of  ice,  then 
the  history  of  tbe  Niagara  Biver  covers  only  a  portion  of  that  period. 
In  the  judgment  of  most  students  of  glacial  geology,  and,  I  may  ad<l, 
ID  my  own  jndgment,  it  covers  only  a  small  portion  of  that  period. 

Daring  the  course  of  its  history  the  length  of  the  river  bas  suffered 
some  variation  by  reason  of  tbe  sucessive  fall  and  rise  of  the  level  of 
Lake  Ontario.  It  was  at  first  a  few  miles  shorter  than  now;  then  it 
became  suddenly  a  few  miles  longer,  and  its  present  length  was  gradu- 
ally acquired. 

With  the  change  in  the  position  of  its  month  there  went  a  change  in 
the  height  of  its  month ;  and  tbe  rate  at  which  it  eroded  its  channel 
was  affected  thereby.  The  influence  on  the  rate  of  erosion  was  felt 
ehiefly  along  the  lower  coarse  of  tbe  river,  between  Lewiston  and  Fort 
Niagara. 

The  volume  of  tbe  river  has  likewise  been  inconstant.  In  early  days, 
vhen  the  lakes  levied  a  large  tribute  on  the  melting  glacier,  the 
Siagara  may  have  been  a  larger  river  than  now ;  but  there  was  a  time 
vheo  tbe  discharge  from  tbe  upper  lakes  avoided  the  route  by  Lake 
Erie,  and  then  tbe  Niagara  was  a  relatively  email  stream. 

Tbe  great  life  work  of  tbe  river  bas  been  tbe  digging  of  the  gorge 
through  which  it  runs  from  tbe  cataract  to  Lewiston.  Tbe  beginning 
of  its  life  was  tbe  beginning  of  that  task.  The  length  of  the  gorge  is  in 
Bome  sense  a  measure  of  the  river's  age.  In  the  main  the  material  dug 
haa  been  bard  limestone  and  sandstone,  interbedded  with  a  coherent 
thoDgh  softer  sbale;  but  for  a  part  of  the  distance  tbe  material  was 
incoherent  drift. 

The  geologic  age  of  the  earth — the  time  during  which  its  surface  bas 
beea  somewhat  as  now,  divided  into  land  and  ocean,  subject  to  endless 
waste  on  tbe  land  and  to  endless  accnmnlation  of  sediment  in  the 

'PrwMedimgtAwt.  Auoe.  Ade.  Sei.,  SSIb  meeting  (Baffalo),  pp.  231^32. 
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ocean,  green  witli  verdure  and  Dourisbiiig  tbe  varied  forms  of  animal 
life— this  time  is  of  tininease  duration.  Even  tbe  units  into  wMcb 
geologists  divide  it,  tbe  periods  and  epocbs  of  their  cbrouotog;  are 
themselree  of  vast  duration.  Human  bistory  is  relatively  so  sbort, 
and  its  nnits  of  centaries  and  years  are  so  exceedingly  brief,  that  the 
tvo  orders  of  time  are  bardly  commensurate.  Over  and  over  again 
llie  attempt  has  been  made  to  link  together  the  two  chronologies,  to 
obtain  for  the  geologic  units  some  satisfactory  espression  in  tbe  units 
of  human  history.  It  can  not  in  fairness  be  said  that  all  these  attempta 
bare  failed,  for  some  of  them  are  novel  and  untested ;  bat,  however 
saccessfnl  or  unsuccessful  they  may  have  been,  tbe  interest  in  the 
sabject  remains,  and  no  discnssion  of  the  history  of  the  Niagara  Biver 
woald  be  complete  without  some  allusion  to  its  value  as  a  geologic 
cbrooometer.  It  is  true  we  know  but  little  of  the  ratio  the  river  epoch 
l)eara  to  the  extent  of  the  glacial  period,  or  to  any  longer  geologic  unit; 
bat  yet  were  we  able  to  determine,  even  approximately,  the  time  con- 
samed  by  tbe  river  in  cutting  its  gorge,  we  sbould  render  less  hazy  and 
vague  oar  conception  of  tbe  ord^r  of  magnitude  of  tbe  nnits  of  the 
earth's  geologic  bistory.  Tbe  problem  has  been  attacked  by  numerous 
viiters,  and  the  resulting  estimates  have  ranged  from  three  or  four 
tboDsand  years  to  three  or  four  million  years. 

The  method  of  reaching  a  time  estimate  has  been,  first,  to  estimate 
the  present  rate  of  recession — the  rate  at  which  the  cataract  is  increas- 
ing tbe  length  of  the  gorge;  second,  t«  compute,  with  the  aid  of  this 
estimate  and  the  known  length  of  tbe  gorge,  tbe  time  necessary  for  tbe 
entire  excavation ;  and,  third,  some  writers  have  modified  their  result 
by  giving  consideration  to  various  conditions  affecting  the  rat«  of 
erosion  during  earlier  stages  of  tbe  escavation.  Tbe  enormous  range 
of  the  resulting  estimates  of  time  baa  depended  chiefly  upon  the  im- 
perfection of  data  with  reference  to  the  present  rate  of  recession  of  tbe 
falls.  It  is  but  a  few  years  since  measnrement  of  tbe  rat«  of  recession 
was  snbstitnted  for  bald  guessing. 

This  measurement  consists  in  making  surveys  and  maps  of  the  falls 
at  different  times,  so  tbattbeamonnt  of  change  in  the  interval  between 
■iirTr>ys  can  be  ascertained  by  comparison  of  tbe  maps.  In  1S42  Pro- 
fessor Hall  made  a  sarvey  of  the  outlines  of  the  falls,  and  be  published, 
for  tite  use  of  future  investigators,  not  only  the  map  resulting  from  the 
surrey,  but  also  tbe  bearings  taken  with  tbe  surveying  instrument  in 
determining  the  principal  points  of  the  map.*  He  likewise  left  upon 
tlie  ground  a  number  of  well-marked  monuments  to  which  future  sur- 
veys could  be  referred.  Thirty-three  years  later  a  second  survey  was 
made  by  tbe  United  States  Army  Engineers,  and  they  added  still 
fnrtber  to  the  series  of  bench  marks  available  for  future  reference. 
Three  years  ago  my  colleage,  Mr.  B.  8.  Woodward,  executed  a  third 
Burvey.f 

■  M»tur»l  History  of  Now  York,  Guologf,  PftrtIV,  pp.  402,403. 
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Plate  Til  exbiUita  tbe  outline  nf  tbe  crest  of  tbe  falls,  together  vitb 
tbe  brink  of  the  cliff  in  the  vicinity  of  tbe  falls,  as  determined  by  Mr. 
Woodward  in  1886,  and  also  shows  a  part  of  tbe  same  outliue  as  det«r- 
mined  by  Professor  Hall  44  years  earlier.*  if  botb  were  precise,  tbe 
area  included  between  the  two  lines  would  exactly  represent  the  reces- 
sion of  tbe  Horseshoe  and  American  falls  in  44  years,  and  the  retreat 
of  tbe  cliff  face  at  Qoat  Island  in  the  same  time.  I  regret  to  say  that 
there  is  internal  evidence  pointing  to  some  defect  in  one  or  botb  snr- 
veya,  for  there  are  some  points  at  which  tbe  Woodward  ootline  projects 
farther  towards  the  gorge  than  the  Hall  outline,  and  yet  wecao  not 
believe  that  any  additions  have  been  matle  to  the  face  of  the  cliff. 
Nevertheless,  a  critical  study,  not  merely  of  these  hare  lines  on  the 
chart,  but  also  of  tbe  fuller  data  in  the  surveyors'  notes,  leads  to  tbe 
belief  that  the  rate  of  recession  in  the  central  part  of  the  Horseshoe 
Fall  is  approximately  determined,  and  that  it  is  somewhere  between  4 
and  6  feet  per  annom.  Tbe  amount  fallen  away  at  the  sides  of  the 
Horseshoe  is  not  well  determined,  but  this  is  of  less  importanoe,  for 
such  falling  away  affects  the  width  of  the  gorge  rather  than  its  leogth, 
and  it  is  tbe  length  with  which  we  are  concerned. 

The  surveys  likewise  fail  to  afford  any  valuable  estimate  of  the  rate 
of  retreat  of  the  American  Fall,  merely  telling  ns  that  its  rate  iti  far  less 
than  that  ot  the  Horseshoe — a  result  that  might  be  reached  independ- 
ently by  going  back  in  imagination  to  the  time  when  the  two  falls  were 
together  at  the  foot  of  Goat  Island,  and  considering  bow  much  greater 
is  tbe  distance  through  which  the  Horseshoe  Fall  has  since  retreated. 
The  rate  of  retreat  of  the  central  portion  of  tbe  Horseshoe  is  the  rate 
at  which  the  gorge  grows  longer. 

Now  if  we  were  to  divide  tbe  entire  length  of  tbe  gorge  by  the  space 
through  which  tbe  Horseshoe  Fall  retreats  in  a  year,  we  might  regard 
the  resulting  quotient  as  expressing  the  number  of  years  that  the  falls 
have  been  occupied  with  their  work.  This  is  precisely  the  procedure 
by  which  the  m^ority  of  time  estimates  have  been  deduced,  but  in  my 
judgment  it  is  nut  defensible.  It  implies  that  tbe  rate  of  retrogresston 
has  been  uniform,  or,  more  precisely,  that  the  present  rate  of  retrogres- 
siou  does  not  differ  from  the  average  rate,  and  this  implication  is  open 
to  serious  question.  I  conceive  that  future  progress  in  the  discussioD 
of  the  time  problem  will  consist  chiefly  in  determining  in  what  waya 
the  conditions  or  oircnmstaiices  that  affect  the  rate  of  retrogressioD 
have  varied  in  past  time.  In  order  to  diviuss  intelligently  these  oondi- 
tions,  it  is  necessary  to  understand  just  what  is  tbe  process  by  which 
tbe  river  iucreases  tbe  length  of  its  gorge. 

There  can  be  no  question  that  the  cataract  is  the  eGBcient  engine, 
bnt  what  kind  of  an  engine  is  iti  What  is  the  principle  on  which  it 
works  1 

'  Till)  BOtitb  side  of  this  chart  in  placed  iipperinost  (ioTioUtioDof  IheoonTentioiul 
mle)  ao  thftt  it  oiay  accord  with  tlie  bird's-eye  views. 
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It  has  already  been  stated  tbat  the  rocks  at  tbe  falU  Ue  in  lerel  | 
laj  era.  The  onler  of  Buccessioii  of  the  layers  has  macb  to  do  wilb  tbe  | 
nature  of  the  cataract's  work.  Above  all  is  a  loose  sheet  of  drift,  bat 
this  yields  so  readily  to  the  wash  of  the  water  that  we  seed  pay  no 
attentiou  to  it  at  present.  Uuder  tbat  is  a  bed  of  strong  limestone. 
This  is  called  the  Niagara  limestoDe,  and  in  thickness  is  SO  ieeL 
Beneath  it  is  a  shale,  called  the  ifTiagara  shale,  with  a  thickness  of  50 
feet;  and  then  for  33  feet  tbere  is  an  alternation  of  limestone,  shale, 
and  sandstone,  kuowu  collectively  as  the  Clinton  groap.  This  reacba 
down  very  nearly  to  the  water's  edge.  Beneath  it  and  extending  down- 
ward for  several  handred  feet  is  a  great  bed  of  soft,  sandy  shale,  inter' 
rapted,  so  far  as  we  know,  by  a  single  bard  layer,  a  sandstone  ledge, 
varying  iu  thickness  from  10  to  20  feet.  These  are  the  Medina  shales 
and  tbe  Medina  sandstone.  Tbe  profile  in  tbe  figure  indicates  that  tbe 
bard  layers  project  as  shelves  or  steps,  and  that  the  softer  layers  are 
eaten  back.  I  have  been  led  so  to  draw  them  by  considerations  of  anal- 
ogy only,  for  underneath  the  center  of  tbe  great  cataract  no  observatioDB 
have  beeu  made.  We  only  know  that  the  river  leaps  from  tbe  upper 
surface  of  the  Niagara  limestone  and  strikes  upon  the  water  of  the  pool 
The  indicated  depth  of  tbe  pool,  too,  isa  mere  surmise,  for  in  that  com- 
motion of  waters  direct  observatiou  is  out  of  the  question.  But  where 
the  United  States  Engineers  were  able  to  lower  tbeir  plummet,  a  halfa 
mile  away,  a  depth  was  discovered  of  nearly  200  feet,  and  I  bare 
assumed  that  the  cataract  is  scouring  as  deeply  now  as  it  scoured  at 
the  time  when  that  part  of  tbe  gorge  was  dug. 

It  is  a  matter  of  direct  observation  that  from  time  to  time  latf^ 
blocks  of  the  upper  limestone  fall  away  into  tbe  pool,  and  there  seems 
no  escape  from  the  inference  that  this  occurs  because  the  erosion  of  tbe 
shale  beneath  deprives  the  limestone  of  its  support.  Just  how  tbe  shale 
la  eroded  and  what  is  the  part  played  by  the  harder  layers  benestb 
are  questions  in  regard  to  which  we  are  much  in  doubt.  In  the  Oave 
of  the  Winds,  where  one  can  pass  beneath  and  behind  one  of  tbe  thin- 
ner segments  of  tbe  divided  fall,  the  air  is  filled  with  spray  and  heavier 
masses  of  water  tbat  perpetually  dash  against  the  shale,  and  though 
their  force  in  that  place  does  not  seem  to  be  violent,  it  is  possible  that 
their  continual  beating  is  tbe  action  that  removes  the  sbaly  rock.  Tbe 
shale  is  of  the  variety  known  as  calcareous,  aud  as  its  calcareous  ele- 
ment is  soluble,  it  may  be  that  solution  plays  its  part  in  the  work  of 
nndermining.  What  goes  on  beneath  tbe  water  of  the  pool  most  be 
essentially  different.  The  Niagara  River  carries  no  sediment,  and  there- 
fore can  not  scour  its  channel  in  the  manner  of  most  rivers,  bat  the 
fragments  of  the  limestone  bed  that  fall  into  the  pool  must  be  moved 
by  the  plunging  water,  else  they  would  accumulate  and  impede  its 
work,  and  being  moved,  we  can  understand  tbat  they  become  power- 
ful agents  of  excavation.  Water  plunging  into  a  pool  aoqnirea  a  gyra- 
tory motion,  and,  carrying  detritus  abont  with  it,  sometimes  bores  deep 
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holM,  flven  iu  rocks  that  are  bard.  Tbene  holes  are  called  t#choically 
"pot-tioleB,"  and  tbere  is  much  to  commend  the  Buggeation  that  tbe 
ezcavatiou  witbio  the  pool  is  esBeDtially  pot-hole  work.' 

The  process  which  [  hare  described  is  that  which  takes  place  in  the 
central  part  of  the  Horseaboe  Fall,  where  tbe  greatest  body  of  water 
ia  precipitated.  At  the  margiu  of  tbe  Horseshoe,  and  also  at  tlie 
American  Fall,  in  which  places  the  body  of  failing  water  is  much  less, 
the  process  is  difierent.  There  is  there  no  pot-bole  action  and  no  pool. 
The  fallen  blocks  of  limestone  form  a  low  tains  at  tbe  foot  of  the  clil^ 
and  apoD  them  the  force  of  the  descending  water  is  broken  and  spent 
Sacb  of  you  as  bare  made  the  excursion  through  the  Cave  of  the  Winds 
will  recall  that  though  for  a  few  steps  you  traveled  upon  au  nudisturbed 
rock  stratum,  one  of  tbe  layers  of  the  Clinton  group,  tbe  greater  part 
of  tbe  journey  lay  across  large  falleu  blocks  of  limestone,  irregularly 
heaped.  Where,  then,  the  volume  of  falling  water  is  relatively  small, 
the  great  bed  of  shale  below  tbe  Clinton  ledges  playa  no  part,  and  the 
rate  at  which  the  limeatooe  breaks  away  ia  determined  purely  by  tbe 
rate  of  erosion  of  the  shale  bed  lying  just  beneath  it 

Tbe  difference  between  tbe  two  processes  is  of  great  importance  iu 
the  present  connection,  because  tbe  two  rates  of  erosioo  are  very 
different. 

I  am  fully  aware  that  this  sketch  of  the  cataract's  work  is  not  a  satis- 
factory explaoatioD  of  the  mode  of  recession,  but  it  yet  serves  a  present 
purpose,  for  it  renders  it  possible  to  point  out  that  the  rate  of  recession 
is  affected  by  certain  factors  which  may  have  varied  daring  tbe  early 
history  of  the  river.  We  see  that  the  process  of  recession  is  concerned 
with  a  heavy  bed  of  bard  rock  above,  with  beds  of  softer  rock  beneath, 
with  the  force  of  falling  water,  and  possibly,  lUso,  with  the  solvent 
power  of  the  water. 

Concerning  each  of  these  factors  a  number  of  pertinent  questiouB  may 
be  asked,  questions  that  should  certainly  be  considered,  whether  they 
are  answered  or  not,  before  any  solution  of  the  time  problem  is  regarded 
as  satisfactory.    To  illustrate  their  pertinence,  a  few  will  be  propoaoded. 

Question  1.  Does  the  limestone  vary  in  constitution  in  different  parts 
of  tbe  gorget  If  its  texture  or  its  system  ot  cracks  and  joints  variee, 
tbe  process  of  recession  may  vary  in  consequence. 

Question  2.  How  does  the  limestone  bed  vary  in  thickness  in  differ- 
ent parts  of  the  gorge  1  This  question  is  easily  answered,  for  at  all 
points  it  is  well  exposed  for  measurement 

Question  3.  How  is  the  thickness  of  the  limestone  related  to  the  rate 
of  recession  T  Tbis  is  more  difBcult.  The  debris  from  a  very  thick  bed 
of  limestone  would  oppose  great  resistance  to  the  cataract  and  cheek 
its  work.  The  debris  frem  a  very  thin  bed  would  afford  small  and  iii- 
efficient  pestles  for  pot-bole  action,  and  might  lead  to  a  alow  rate  of 
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recession.  If  the  tbicknesa  now  sven  at  the  cataract  were  slightly 
tiicnatied  or  sUgbtly  diminished,  it  is  not  at  once  apparent  bow  the  rate 
of  recession  iroiild  be  affected,  aud  yet  there  might  be  an  importftDt  dif* 
ecenoe. 

We  hare  seen  that  the  pre-glacial  stream  whose  channel  is  betrayed 
at  the  Whirlpool  removed  the  Niagara  limestone  throngh  a  portiou  of 
the  gorge,  and 

Qoestion  4  asks  i  Through  what  portion  of  the  gorge  was  the  Niagara 
limestone  absent  when  the  Niagara  River  began  its  work  t 

Qaestion  5.  Does  the  rock  section  beneath  the  limestone — the  shale 
neries  with  its  imbedded  harder  layers — does  this  vary  in  different  parts 
of  the  gorge? 

Qaestion  6.  Through  what  distance  were  the  several  members  of  the 
anderlying  rock  series  removed  by  the  action  of  the  pre-glacial  stream  t 
Coining  now  to  consider  the  force  of  the  falling  water,  a  little  con- 
sideration serves  to  show  that  the  force  depends  on  at  least  three  things: 
The  height  throngli  which  the  water  falls,  the  degree  of  concentration 
of  thfl  stream,  and  the  volume  of  the  river. 

The  height  of  the  fall  is  the  vertical  distance  from  its  crest  to  the  sar- 
faceofthe  pool  below. 

Qnestion  7  asks :  Bow  has  tbe  height  of  the  crest  of  the  foil  varied 
during  the  history  of  recession  t 

Qneetion  8.  How  has  the  height  of  the  base  of  the  fall  varied  1  And 
this  involves  a  subsidiary  question — to  what  extent  has  the  excavated 
gorge,  as  left  by  the  retreating  cataract,  been  re-filled,  either  by  the 
falling  in  of  fragments  from  the  cliffs  or  by  contributions  of  debris 
liniaght  by  the  current  t 

Qneaiion  9.  What  has  been  the  form  of  the  channel  at  the  crest  of 
fie  fall  from  point  to  point  dnring  the  recession  T  Wherever  the  cliau- 
bisbeen  broad,  and  the  water  of  auiform  depth  from  side  to  side,  the 
force  of  the  falling  water  has  been  applied  disadvantageously;  wher- 
ever the  channel  has  been  narrow,  or  has  been  much  deeper  in  some 
parts  than  iu  others,  the  force  of  the  water  has  been  applied  advanta- 
geoiuily. 

There  are  many  ways  in  which  it  is  possible  that  the  volume  of  the 
river  was  made  to  differ  at  early  dates  from  its  present  volume.  Dur- 
ing the  presence  of  the  ice  there  was  a  different  climate,  and  there 
vere  different  drainage  systems. 

Qaestion  10.  During  the  early  history  of  the  river  was  the  annual 
ninfati  on  which  its  water  snpply  depended  greater  or  less  than  now  t 
Qaestion  11.  Was  the  evaporation  from  thebasin  at  that  time  greater 
wtees  than  now  t  It  is  believed  that  at  the  present  time  the  Niagara 
Biver  receives  less  than  half  the  water  that  falls  npon  its  basin  iu  rain 
wd  snow,  the  remainder  being  returned  to  the  air  by  evaporation  from 
the  lakes,  from  the  surface  of  the  land,  and  from  vegetation. 
Question  12.  Was  the  water  snpply  increased  by  ablation  ^-^"^(lOTp^ 
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may  have  been  times  when  the  overlapping  edge  of  the  glacier  dis- 
charged to  the  Laarentiati  Basin  large  bodies  of  water  rnniisbed  by  the 
melting  of  ice  that  had  congealed  from  the  clouds  of  regions  far  away. 

Question  13.  Was  the  drainage  area  of  the  river  at  any  time  increased 
throngh  the  agerey  of  ice  barriers  ?  Joat  as  the  Winnipeg  basin  was 
made  to  send  its  water  to  the  Mississippi,  so  we  can  imagine  that  regions 
north  of  the  Great  Lakes  and  now  tribatary  to  Hudson's  Bay  had  tlieir 
discharge  temporarily  turued  to  Lake  Saperior  aud  Lake  Hotoq. 

On  the  other  hand,  we  have  seen  that  the  discharge  of  the  whole  dis- 
trict of  the  upper  lakes  was  for  a  time  turned  away  from  the  Niagara 
Biver.    Therefore  we  ask : 

QaestioQ  11.  To  what  extent  and  for  what  periods  was  the  volume 
of  the  river  diminished  through  the  diversion  of  the  discharge  oftbt 
upper  lakes  t 

Assaming  all  these  questions  to  be  answered  one  by  one,  and  the 
variations  of  difterent  sorts  determined,  it  is  still  necessary  to  learn  the 
relations  of  those  variations  to  each  other,  aud  so  we  ask : 

QnestioQ  16.  How  have  the  variations  of  rock  section,  the  variations 
of  cataract  height,  the  variations  of  form  of  channel,  and  the  variations 
of  volume  been  related  to  one  another  in  point  of  timet  What  have 
been  their  actual  combinations  t 

Question  16.  How  have  the  various  temporary  combinations  of  ^tors 
aS'ected  the  process  of  retreat  and  the  rate  of  recession  t 

The  tale  of  questions  is  not  exhauste<l,  but  no  more  are  needed  if 
only  it  has  been  shown  that  the  subject  is  not  in  reality  simple,  ss 
many  have  assumed,  but  highly  complex.  Some  of  the  questions  are, 
indeed,  easily  answered.  It  may  be  possible  to  show  that  others  are 
of  small  moment.  It  may  even  be  that  careful  study  of  the  looal  features 
will  enable  the  investigator  to  infer  the  process  of  cataract  work  at 
each  point  from  the  existing  condition  of  the  gorge,  and  thus  relieve 
him  from  the  necessity  of  considering  such  remote  questions  as  Uie 
nature  of  glacial  climate  and  the  history  of  glacial  retreat.  Bnt  after 
all  pariug  and  pruning,  what  remains  of  the  problem  will  be  no  baga- 
telle. It  is  uot  to  be  solved  by  a  few  figures  on  a  slate,  nor  yet  by  the 
writing  of  many  essays.  It  is  not  to  be  solved  by  the  cunning  discussion 
of  our  scant,  yet  too  pnzzliiig,  knowledge — smoothing  away  incoDveuient 
doubts  with  convenient  assumptions  and  cancelling  oat,  as  though 
compensatory,  terms  of  unknown  value  that  happen  to  stand  on  oppo- 
site sides  of  the  equation.  It  is  a  problem  of  nature,  and,  like  other 
natural  problems,  demands  the  patient  gathering  of  many  facts,  of 
facts  of  many  kinds,  of  categories  of  facts  suggested  by  the  tentative 
theories  of  to-day,  and  of  new  categories  of  facts  to  be  suggested  by 
new  theories. 

I  have  said  our  problem  is  but  the  stepping  stone  to  another  problem,  ' 
the  discovery  of  common  units  tor  earth  history  and  humau  history.  I 
The  Niagara  bridges  the  chasm  in  another  way,  or,  more  strictly,  in 
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uotber  seose,  for  tbe  term  of  its  life  belongs  to  both  histories.  The 
rJrer8p»Dgfrom  a  great  geologic  reTolation,  the  baDishtneut  of  the 
dynasty  of  cold,  aiid  so  its  lifetime  is  a  geologic  epoch ;  but  from  first 
to  last  mao  has  beea  the  witness  of  its  toil,  aud  so  its  history  is  inter- 
woTGQ  with  the  history  of  maii.  The  humaa  comrade  of  the  river's 
foath  was  Dot,  alas,  a  reporter  with  a  notebook,  else  onr  present  labor 
woald  be  light.  He  has  even  told  us  little  of  himself.  We  only  know 
that  on  a  gravelly  beach  of  Lake  Iroquois,  now  tbe  Bidge  road,  he 
nidety  gathered  stones  to  make  a  hearth,  and  built  a  fire ;  and  the  next 
Btonn  breakers,  forcing  back  tbe  beach,  buried  and  tbns  preserved,  to 
ratify  yet  whet  our  cariosity,  hearth,  ashes,  and  charred  sticks.' 

Id  these  Darwiniaa  days  we  can  not  deem  primeval  tbe  man  pos- 
Mssedof  the  Promethean  art  of  fire,  and  so  his  presence  on  tbe  scene 
addszest  to  the  pursait  of  the  Niagara  problem.  Whatever  the  au- 
liqaity  of  the  great  cataract  may  be  found  to  be,  tbe  antiquity  of  man 
is  greater. 

1,  pp.  173, 174. 
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THE  MBDITBBBANBAN,  PHYaiCAL  AND  HiaTORIOAL." 


By  Sir  B.  Lambert  PLA.YFA1B. 


Wheu  the  anezpected  bonor  was  proposed  to  me  of  presidiDg  over 
;oai  deliberations,  I  felt  some  embarrasameDt  aa  to  tbe  subject  of  m; 
address.  Geogra]>hy  as  a  science,  and  the  necessity  of  eaconraging  a 
mote  systematic  stady  of  it,  had  beeu  treated  iu  au  exhaostive  manuer 
dnring  previous  meetings.  -  -  -  Id  my  perplexity  I  applied  for  tbe 
advice  of  one  of  the  most  experienced  geographers  of  onr  Society, 
Those  leply  brought  comfort  to  my  miud.  He  reminded  me  that  it  was 
generally  tbe  custom  for  presidents  of  sections  to  select  subjects  with 
which  tbey  were  best  acquainted,  and  added:  "What  more  instructive 
■nd  captivatiug  subject  could  be  wished  than  tbe  Mediterranean,  physi- 
alsDi]  historical  t  "^ 

For  nearly  a  quarter  of  a  ceatnry  I  have  held  an  official  position  iu 
Algeria,  and  it  bas  been  my  constant  delight  to  make  myself  acquainted 
>Jtb  tbe  islands  and  shores  of  the  Mediterranean,  in  tbe  hope  of  being 
>ble  to  facilitate  the  travels  of  my  couutrymeu  iu  that  beautiful  part 
of  the  world. 

I  can  not  pretend  to  throw  much  new  light  on  the  subject,  and  I  have 
written  so  often  about  it  already  that  what  I  have  to  say  may  strike 
loa  as  a  twice-told  tale ;  nevertheless,  if  you  will  permit  me  to  descend 
fnm  the  elevated  platform  occupied  by  more  learned  predecessors,  I 
^onld  like  to  speak  to  you  iu  a  familiar  manner  of  this  "  great  sea,"  as 
it  is  called  in  sacred  Scripture,  the  Mare  infernumof  tbe  ancients,  "our 
Ka,"  Mare  nostrum  of  Pompoiiius  Mela. 

It8  shores  include  about  3,000,000  square  mdes  of  tbe  richest  couotry 
on  the  earth's  surface,  enjoying  a  climate  where  the  extremes  of  tern- 
peratare  are  unknown,  and  with  every  variety  of  scenery,  but  chiefly 
HHuisting  of  mountains  and  elevated  plateaux.  It  is  a  well  defined 
t*poa  of  many  parts,  all  intimately  connected  with  each  other  by  their 
S^ographica]  character,  their  geological  formation,  tbeir  flora,  fauna, 
■ml  tlie  physiognomy  of  tbe  people  who  inhabit  them.    To  this  general 


■  Ticfr-presideutial  oddrew  before  the  Geographical  Sectioo  of  the  Bri^ib  Aoaooia- 
liofi  ArtT.  Sci.  meeting  ikt  T^iIb,  September,  Itm.  (from  A'aiiire,  September  II, 
^  vol.  xui,  pp.  4c*-4-6.)  ,  -  r 
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statement  there  are  two  exceptions; — namely,  PalestiDe,  which  belongs 
rather  to  the  tropical  couutries  lying  to  the  east  of  it,  and  so  may  be 
dismissed  from  oor  subject;  and  the  Sahara,  which  stretches  to  the 
south  of  the  Atlantic  regioD — or  re^non  of  the  Atlas — bat  approaches 
the  sea  at  the  Syrtis,  and  again  to  the  eastward  of  the  Gyrenaioa,  aod 
in  which  Egypt  is  merely  a  long  oasis  on  either  side  of  the  Nile. 

The  Mediterranean  region  is  the  emblem  of  fertility  and  the  cradle 
of  civilization,  while  the  Sahara — Egypt,  of  course,  excepted — is  the 
traditional  panther's  skiu  of  saod,  dotted  here  aud  there  with  oases, 
but  always  represeutiog  8t«rility  and  barbarism.  The  sea  is  in  no 
sense,  save  a  political  one,  the  limit  between  tbem ;  it  is  a  mere  gulf, 
which,  now  bridged  by  steam,  rather  iioites  than  separates  the  two 
-  shores.  Civilization  never  could  have  existed  if  this  iuland  sea  had 
not  formed  the  junction  betweeo  the  three  surrounding  continents, 
rendering  the  coasts  of  each  easily  accessible,  whilst  modifyiog  the 
climate  of  its  shores. 

The  Atlas  range  is  a  mere  continaation  of  the  south  of  Europe.  It 
is  a  long  strip  of  mountain  laud,  about  200  miles  broad,  covered  with 
splendid  forests,  fertile  valleys,  and  in  some  places  arid  steppes,  stretch- 
ing eastward  from  the  ocean  to  which  it  has  given  its  name.  The 
highest  point  is  Morocco,  forming  a  pendant  to  the  Sierra  Nevada  of 
Spain ;  thence  it  runs,  gradually  decreasing  in  height,  tbroiigb  Algeria 
and  Tunisia,  it  becomes  interrupted  in  Tripoli,  aud  it  ends  in  the  beauti- 
ful green  bills  of  the  Oyreuaica,  which  must,  not  be  confounded  witb 
the  oases  of  the  Sahara,  but  is  an  island  detached  from  the  eastern 
spurs  of  tbe  Atlas,  in  the  ocean  of  the  desert. 

In  tbe  eastern  part  the  doni  aud  fauna  do  not  essentially  differ 
from  those  of  Italy;  iu  the  west  they  resemble  those  of  Spain;  one  of 
the  noblest  of  tbe  Atlautic  couifers,  the  Abies pimapo,  is  fouud  also  m 
the  Iberian  peninsula  and  nowhere  else  in  the  world,  and  tbe  valuable 
ulfa  grass  or  esparto  {Stipa  tenaciaHma),  from  which  a  great  part  of  our 
paper  is  made,  forms  one  of  the  principal  articles  of  export  from  Spaiiii 
Portugal,  Morocco,  Algeria,  Tunisia,  aud  Tripoli.  On  both  sides  of  th« 
sea  the  former  plant  is  fouud  on  tbe  highest  and  most  inaooessiUa 
mountains,  amongst  snows  which  last  during  the  greater  part  of  the 
year,  and  the  latter  from  the  sea  level  to  an  altitude  of  5,000  feet,  hot 
in  places  where  the  beat  aud  drought  would  kill  any  other  plant,  and 
iu  undulating  laud  where  water  can  not  lodge. 

Of  tbe  three  thousand  plants  found  iu  Algeria,  by  far  the  greater 
number  are  natives  of  southern  Europe,  and  less  than  one  handred  an 
peculiar  to  tbe  Sahara.  The  macchie  or  maquis  of  Algeria  in  no  way 
diQ'ers  from  that  of  Corsica,  Sardinia,  and  other  places;  it  consists  of 
lentisk,  arbutus,  myrtle,  cistas,  tree-heath,  and  other  MediteiraneaB  ' 
shrubs.  If  we  take  tbe  commonest  plant  fouud  on  the  southero  sbor«i 
of  tbe  Mediterranean,  the  dwarf  palm  {Ghamterops  humUis),  we  see  at 
ouce  how  intimately  connected  is  the  nUole  Mediterranean  region,  witk 
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tbeeiception  of  tUe  localities  I  have  before  indicated  Tbie  palm  still 
grows  8poQtaDeoii8ly  in  the  sonth  of  Spain,  aud  in  some  parts  of  Prov- 
eoce,  iu  Goreica,  Sardioia,  aod  the  Tuscan  Archipelago,  iu  Calabria 
and  tbe  Ionian  Islands,  on  the  continent  of  Greece,  and  in  several  of 
the  JBlands  in  the  Levant,  and  it  has  only  disappeared  from  other 
coQDtriea  as  tbe  land  has  been  brought  ander  regular  cultivation.  On 
theolher  hand,  it  occurs  neither  in  Palestine,  Egypt,  nor  in  the  Sahara. 
Tbe  presence  of  European  binls  may  not  prove  much,  bat  there  are 
mammalia,  reptiles,  flsh,  and  insects  common  to  both  sides  of  tbe 
MedilefTanean.  Some  of  tbe  larger  animals,  snch  as  tbe  lion,  panther, 
jactal,  etc.,  have  disappeared  before  the  march  of  civilization  in  the 
oue  coDtioent,  but  have  lingered,  owing  to  Mohammedan  barbarism,  iu 
(he  other.  There  is  abundant  evidence  of  tbe  former  existence  of  these 
aud  of  the  other  large  mammals  which  now  characterize  trepical  Africa 
in  FnDce,  Germany,  and  Greece.  It  is  probable  that  they  only  migrated 
to  ibeir  present  habitat  after  the  upheaval  of  the  great  sea  which,  in 
Boceoe  times,  stretched  from  the  Atlantic  to  the  Indian  Ocean,  making 
santheru  Africa  an  island  continent  like  Australia.  The  original  fauna 
of  Africa,  of  which  the  lemur  is  the  distinctive  type,  is  still  preserved 
JD  Madagascar,  which  then  formed  part  of  it. 

Tbe  fish  fauna  is  naturally  the  most  conclosive  evidence  as  to  the 
trne  line  of  separation  between  Europe  and  Africa.  We  find  the  trout 
in  tbe  Atlantic  region  and  in  all  the  snow- fed  rivers  falling  into  tbe 
lf«lit«rraneaa ;  in  Spain,  Italy,  Dalmatia;  it  occurs  iu  Mount  Ulym- 
pas,  in  rivers  of  Asia  Minor,  and  even  in  the  Lebanon,  but  nowhere  in 
IVestiiie  south  of  tha't  range,  in  Egypt,  or  in  the  Sahara.  This  fiesh- 
'ater  salmonoid  is  not  exactly  the  same  in  all  these  localities,  but  is 
wbject  to  considerable  variation,  sometimes  amounting  to  specific  dis- 
liuctiOD.  Hfevertheless  it 4s  a  European  type  found  in  the  Atlas,  aud 
JI  ig  not  till  we  advance  into  the  Sahara,  at  Tuggurt,  that  we  come  to 
■  purely  African  form  in  theChromidffi,  which  have  a  wide  geographical 
diitribntiou,  being  found  everywhere  between  that  place,  tbe  Nile,  and 
Uozamhiqae. 

The  preeence  of  newts,  tailed  batracbians,  in  every  country  around 
Uk  Mediterranean,  except  again  in  Palestine,  Egypt,  and  tbe  Sahara, 
n  another  example  of  the  cootinuity  of  tbe  Mediterranean  fauna,  even 
thoDgh  the  species  are  not  the  same  throughout. 

fhe  Sahara  is  an  immense  zone  of  desert  which  commences  on  the 
Aoree  of  the  Atlantic  Ocean,  between  the  Canaries  and  Gape  de 
fude,  and  traverses  tbe  whole  of  north  Africa,  Arabia,  and  Persia,  as 
Eir  as  Central  Asia.  The  Mediterranean  portion  of  it  may  be  said 
■Mghly  to  extend  between  the  fifteenth  and  thirtieth  degrees  of  north 
^hule. 

This  waa  popularly  supposed  to  have  been  a  vast  inland  sea  in  very 
Went  tames,  but  the  theory  was  supported  by  geological  facts  wrongly 
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interpreted.  It  bas  beeo  abundantly  proved  by  tfae  reeearches  of  tnrel- 
lers  aud  geologists  that  such  a  sea  was  neither  tbe  caase  nor  the  ori- 
gin of  tbe  Libyan  Desert. 

Rainless  aud  sterile  regions  of  thia  nature  are  not  peculiar  to  north 
Africa,  but  oocnr  in  two  belts  which  go  round  the  world  in  either  hem- 
isphere at  about  similar  distances  north  aud  south  of  the  equator. 
These  correspond  in  locality  to  the  great  inland  drainage  areas  from 
wbicb  no  water  can  be  discharged  into  the  ocean,  and  which  oooapy 
about  one-fifth  of  the  total  land  surface  of  the  globe. 

The  African  Sahara  is  by  no  means  a  uniform  plain,  but  forms  sev- 
eral distinct  basins  containing  a  considerable  extent  of  wbat  may 
almost  be  called  mountain  laud.  The  Hoggar  Mountains,  in  the  center 
of  the  Sahara,  are  7,000  feet  high,  and  are  covered  during  three  months 
with  snow.  The  general  average  may  be  taken  at  1,500.  The  physi- 
cal character  of  the  region  is  very  varied;  in  some  places,  sueh  as  at 
Tiout,  Mogfa'rar,  Tonat,  and  other  oases  in  or  borderiug  on  Morocco, 
there  are  well  watered  valleys,  with  Due  scenery  aud  almost  Enropeau 
vegetation,  where  the  fruits  of  the  north  flourish  side  by  side  with  tbe 
palm  tree.  In  others  there  are  rivers  like  the  Oued  tiuir,  an  afiBuent  of 
tbe  Niger,  which  the  French  soldiers,  who  saw  it  in  1870,  compare  to 
the  Loire.  Again,  as  in  the  bed  of  the  Oaed  Rir,  there  is  a  sobtcna- 
nean  river,  which  gives  a  sufficient  supply  of  water  to  make  a  ch^n  of 
rich  aud  well-peopled  oases  equal  in  fertility  to  some  of  the  floest  por- 
tions of  Algeria.  The  greater  part  of  the  Sahara,  however,  is  hard  anil 
undulating,  cut  up  by  dry  water  courses,  such  as  the  Igharghar,  which 
descends  to  the  Chott  Melghigh,  and  almost  entirely  without  animal  ot 
vegetable  life. 

About  one-sixth  of  its  extent  consists  of  dunes  of  moving  sand,  a 
vast  accumulation  of  detritus  washed  down  from  more  northern  aod 
southern  regions — perhaps  during  the  glacial  epoch — but  with  do  indi- 
cation of  marine  formation.  These  are  diEBcult  and  even  dangerous  to 
traverse;  but  they  are  not  entirely  destitute  of  vegetation.  Water  is 
found  at  rare  but  well-known  intervals,  and  there  is  an  abuodance  of 
salsolaceous  plants  which  serve  as  food  for  the  camel.  This  sand  is 
largely  produced  by  wind  action  on  the  underlying  rocks,  and  is  not 
sterile  in  itself;  it  is  only  tbe  want  of  water  which  mak^  it  so. 
Wherever  water  does  exist  or  artesian  wells  are  sunk  oases  of  great 
fertility  never  fail  to  follow. 

Some  parts  of  the  Sahara  are  below  the  level  of  the  sea,  and  here  are 
formed  what  are  called  chotU  or  sebkhas,  open  depressions  witboat  oat 
lets,  inundated  by  torrents  from  tbe  southern  slopes  of  the  AtJas  in 
winter,  and  covered  with  a  saline  efflorescence  in  summer.  Thia  salt  ti^ 
no  means  proves  the  former  existence  of  an  inland  sea ;  it  is  prodoeed 
by  the  concentration  of  the  natural  salts,  which  exist  in  every  rarici; 
of  soil,  washed  down  by  winter  rains,  with  which  the  anevaporated  res- 
idue of  water  becomes  saturated. 
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SometiiDes  the  drainage,  iaatead  of  floodiog  open  opaces  and  forming 
chotta,  findB  its  vay  tbroagh  tbe  penueable  aind  till  it  meeta  imper- 
meable strata  below  it,  thus  forming  vast  subterranean  reservoirs  where 
the  artesiaa  eoaad  daily  works  as  great  miracles  as  did  Moses's  rod  of 
^oreat  Heribah.  I  have  seen  a  column  of  water  thrown  up  into  the 
aireqaal  to  1.300  cnbic  meters  [wr  diem,  »  quantity  sofficient  to  redeem 
1,S00  ncres  of  laud  from  sterility  and  to  irrigate  60,000  palm  trees. 
TbiN  seema  to  be  the  true  solution  of  the  problem  of  an  inland  sea,  a 
Ka  of  verdure  and  fertility  caused  by  the  multiplication  of  artesian 
wells,  which  never  i'ail  to  bring  riches  and  prosperity  in  their  train. 

Tbe  chmate  of  tbe  Sahara  is  quite  different  from  that  of  what  I  bave 
called  tbe  Mediterraneaa  region,  where  periodical  rains  divide  the  year 
into  tffo  seasoDB.  Here,  in  many  places,  years  elapse  without  a  single 
abower;  there  is  no  refreshing  dew  at  night,  and  the  niuds  are  robbed 
of  their  moisture  by  tbe  immense  continental  extents  over  which  they 
bloT.  There  can  be  no  doubt  that  it  is  to  these  meteorological  and 
not  tn  geological  cansee  that  the  Sahara  owes  its  existence.  Beclus 
divides  the  Mediterranean  into  two  basins,  which,  in  memory  of  their 
biBtory,  he  calls  the  Phteuician  and  the  Carthaginian,  or  tbe  Greek  and 
Boman  Seas,  more  generally  known  to  us  as  the  Eastern  and  Western 
BagiDH,  separated  by  tbe  island  of  Sicily. 

If  we  examine  tbe  submarine  map  of  the  Mediterranean  we  see  that 
it  mast  at  one  time  have  consisted  of  two  inclosed  or  inland  basins, 
like  tbe  Dead  Sea.  The  western  one  is  separated  from  the  Atlantic  by 
the  Straits  of  Gibraltar,  a  shallow  ridge,  the  deepest  part  of  which  is 
at  its  eastern  extremity,  averaging  aboat  300  fathoms,  while  on  the 
vest,  boanded  by  a  line  from  Oape  Spartel  to  Trafalgar,  it  varies  from 
50  to  200  fathoms.  Fifty  miles  to  tbe  vest  of  the  straits  the  bottom 
Boddenly  sinks  down  to  the  depths  of  the  Atlautic,  while  to  tbe  east 
it  descends  to  the  general  level  of  the  Mediterranean,  from  1,000  to 
J,«)0  fathoms. 

Tfie  Western  is  separated  from  the  Eastern  Basin  by  the  isthmus 
which  extends  between  Cai>e  Bon,  in  Tunisia,  and  Sicily,  known  aa  the 
"Adventure  Bank,"  on  whivh  t^ere  ia  not  more  than  fh)m  30  to  260 
bthoms.  The  depth  between  Italy  and  Sicily  is  insignificant,  and 
Malta  is  a  continuation  of  tbe  latti^r,  being  only  separated  from  it  by  a 
ihallow  patch  of  from  50  to  100  fathoms,  while  to  tbe  east  and  west  of 
tfiis  bank  tbe  depth  of  the  Sea  is  very  great  These  shallows  out  ofl 
Ibe  two  basins  from  all  bnt  superficial  communication. 

The  configuration  of  the  bottom  shows  that  the  whole  of  this  strait 
*M  at  one  time  continuons  land,  affording  free  communication  for  laud 
nuoals  between  Africa  and  Europe.  Tbe  pnlieontological  evidence  of 
ttts  ia  quite  conclusive.  lu  the  caves  and  fissures  of  Malta,  amongst 
river  delritas,  are  found  three  species  of  fossil  elephants,  a  bippopota- 
nas,  a  gigantic  dormouse,  and  other  animals  which  could  never  bave 
lifed  in  so  small  an  island.    In  Sicily,  remains  of  tbe  existing  elephuit 
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bave  been  fonnd,  as  well  as  the  EUpkas  atUiquus,  and  two  species  of 
bippopotamas,  while  nearly  all  these  aad  many  other  auimals  of  Africu 
type  have  been  foand  Id  the  Pliocene  deposits  and  caveros  of  the 
Atlantic  region. 

The  rapidity  with  which  snch  a  transformation  might  have  occnmd 
can  be  judged  by  the  well-known  instance  of  Graham's  Sboal,  between 
Sicily  and  the  island  of  Pantellaria;  this,  owing  to  volcanic  ageney, 
actually  rose  above  the  water  iu  1832,  and  for  a  few  weeks  had  au  area 
of  3,240  feet  in  circumfereoce  and  a  height  of  107  feet. 

The  submersion  of  this  isthmus  no  doubt  occurred  when  the  waters 
of  the  Atlantic  were  introduced  through  the  Btraits  of  Gibraltar.  The 
rainfall  over  the  entire  area  of  the  Mediterranean  ia  certainly  not  more 
than  30  inches,  while  the  evaporation  is  at  least  twice  as  great;  there- 
fore, were  the  straits  to  be  once  more  closed  and  were  there  no  other 
agency  for  making  good  this  deficiency,  the  level  of  the  Mediterranean 
would  sink  again  till  its  basin  became  restricted  to  an  area  no  larger 
than  might  be  necessary  to  eqaalize  the  amount  of  evaporation  and 
precipitation.  Thus  not  only  would  the  strait  between  Sicily  and  Africa 
be  again  laid  dry,  but  the  Adriatic  and  iGgeau  Seas  also,  and  a  gieU 
part  of  the  Eastern  Basin. 

The  entire  area  of  the  Mediterranean  and  Black  Seas  has  been  esti- 
mated at  upwards  of  a  million  square  miles,  aud  the  volume  of  the 
rivers  which  are  discharged  into  them  at  226  cubic  miles.  All  this  and 
much  more  is  evaporated  annually.  There  are  two  constant  correuts 
passing  through  the  Straits  of  Gibraltar,  super-imposed  on  each  other; 
the  upper  and  most  copious  one  flows  in  from  the  Atlantic  at  a  rate  of 
nearly  3  miles  au  hour,  or  140,000  cubic  metres  per  second,  and  supplies 
the  difference  between  the  rainfall  aud  evaporation,  while  the  nnda 
currentofwarmor  water,  which  has  undergone  concentration  by  evapora- 
tion, is  continually  flowing  out  at  about  half  the  above  rate  of  move- 
ment, getting  rid  of  the  excess  of  salinity;  even  thus,  however,  leaving 
the  Mediterranean  Salter  than  any  other  part  of  the  ocean  except  the 
Bed  Sea. 

A  similar  phenomenon  occurs  at  the  eastern  end,  where  the  fresher 
water  of  the  Black  Sea  flows  as  a  surface  current  through  the  Darda 
oetles,  and  the  Salter  water  of  the  Meditorranean  pours  in  below  it 

The  general  temperature  of  the  Mediterranean  from  a  depth  of  50 
fathoms  down  to  the  bottom  is  almost  constantly  50°  F.,  whatever  may 
be  its  surface  rise  of  temperature.  This  is  a  great  contrast  to  Uiai  of 
the  Atlantic,  which  at  a  similar  depth  is  at  least  3<^  colder,  and  which 
at  1,000  fathoms  sinks  to  40°  F. 

This  fact  was  of  the  greatest  utility  to  Dr.  Carpenter  Id  coanection 
with  his  investigations  regarding  currents  through  the  straits,  eoabling 
him  to  distinguish  with  precision  between  Atlantic  and  Meditetraneoo 
water. 

For  all  practical  purposes  tbe  He<literrauean  may  be  aciseptad  as  bting, 
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what  it  is  popularly  supposed  to  be,  a  tideless  sea;  bat  it  is  not  so  in 
reality.  Id  many  places  tbere  is  a  distinct  rise  aud  fall,  though  tbis  is 
morefrequeutly  due  to  winds  and  currents  than  to  lunar  attraction.  At 
Veaice  there  is  a  rise  of  fhxn  1  to  3  feet  in  spring  tides,  according  to  the 
pteraience  of  winds  Dp  or  down  the  Adriatic;  bnt  in  that  sea  itself  the 
tides  are  bo  weak  that  they  can  hardly  be  recognized,  except  during  the 
prevalence  of  the  Bora,  cor  old  frieud  Boreas,  which  generally  raises  a 
surcharge  along  tbe  coast  of  Italy.  In  many  straits  and  narrow  arms  of 
the  sea  there  is  a  periodical  flus  and  reflux;  but  the  only  place  where 
tidal  inflneace,  properly  so  called,  is  untuiatakably  observed  is  in  the 
Lesser  Syrtis,  or  Gulf  of  Oabea.  There  the  tide  ruDS  at  the  rate  of  2 
or3  knots  aa  hour,  and  the  rise  and  fall  varies  from  3  to  8  feet.  It  ia 
most  marked  and  regular  at  Djerba,  the  Homeric  island  of  tbe  Lotophagi. 
Uoe  must  be  careful  in  landing  there  in  a  boat,  so  as  not  to  be  left  high 
ami  dry  a  mile  or  two  from  the  shore.  Perhaps  the  companions  of 
I'lysses  were  caught  by  the  receding  tide,  and  it  was  not  only  a  banquet 
of  dates,  the  "  honey-sweet  fVuit  of  the  Lotus,"  or  tbe  potent  wine  which 
i^  made  from  it,  which  made  them  "forgetful  of  their  homeward  way." 
The  Gulf  of  Gubes  naturally  calls  to  mind  the  proposals  which  were 
madea  few  years  ago  for  inundating  the  Sahara,  and  so  restoring  to  the 
Atlantic  region  the  insular  condition  which  it  is  alleged  to  have  had  in 
pre-bistoric  times.  I  will  not  allude  to  the  (English  project  for  iutroduc- 
in^  the  waters  of  the  Atlantic  from  the  west  coast  of  Africa.  That  does 
Dot  belong  to  my  subject.  Tbe  French  scheme  advocated  by  Com- 
maDdant  Roodaire,  and  supported  by  M.  de  Lesseps,  was  quite  as  vis- 
iooary  and  impracticable. 

To  tbe  south  of  Algeria  and  Tnnie  tbere  exists  a  great  depression, 
stretching  westward  from  the  Gnlf  of  Qabes  to  a  distance  of  about  235 
miles,  in  which  are  several  ehott«  or  salt  lakes,  sometimes  only  marshes, 
and  in  many  places  covered  with  a  saline  crust  strong  enough  to  bear  the 
passage  of  camels.  Commandant  Roodaire  proposed  to  cut  through  the 
ittbainseswhich  separated  theTariouscbotts,  and  so  prepare  their  basins 
to  receive  tbe  waters  of  tbe  Mediterranean.  This  done,  be  intended  to 
iDtroduce  the  sea  by  a  canal,  which  should  have  a  depth  of  1  metre 
below  low-water  leveL 

This  scheme  was  based  on  theassumption  thatthe  basin  of  the  chotts 
hafl  been  an  inland  sea  within  historic  times;  that,  little  by  little,  owing 
to  the  difference  betweeu  the  quantity  of  water  which  entered  and  tbe 
HDonnt  of  evaporation  and  absorption,  this  interior  sea  had  di8ap|>eared, 
Innog  the  chotts  as  an  evidence  of  the  former  condition  of  things;  that, 
ia  fact,  this  was  none  other  than  the  celebrated  Lake  Triton,  the  posi- 
lioD  of  which  has  always  been  a  pazzle  to  geographers. 

This  theory  however  is  untenable.  The  isthmus  of  Gabes  is  not  a 
Dwre  sand  bank.  There  is  a  band  of  rock  between  tbe  sea  and  the  basin 
of  the  chotts,  through  which  the  former  never  coald  have  penetrated  in 
Qodera  times.    It  is  mocb  more  probable  that  Lake  Triton  was  tbe 
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large  bigb  t  between  the  islaud  of  Dji>rba  and  the  mainland,  on  the  sbone 
of  whieh  are  the  rnins  of  the  ancient  city  of  Meninx,  which,  to  jadge  1^ 
the  abundance  of  Greek  marble  found  there,  most  have  carried  on  an 
important  commerce  with  the  Levant. 

The  acheme  has  now  been  entirely  abandoned.  Nothing  bat  the  mania 
for  oattJDg  through  iatbmnses  all  over  tlie  world  which  followed  the 
brilliant  sacoeBs  achieved  at  8nez  can  explain  its  having  been  atarled 
at  all.  Of  coarse,  no  mere  mechanical  operation  is  impossible  in  tbew 
days;  bat  the  mind  refuses  to  rea'iee  the  possibility  of  vessels  circoM- 
ing  in  a  region  vbicb  prodoces  nothing,  or  that  so  small  a  sheet  of  wattf 
io  the  immensity  of  the  Sahara  coald  have  aoy  appreciable  effect  in 
modifying  the  climate  of  its  shores. 

The  eastern  basin  is  much  wore  indented  and  cat  up  into  separate 
aeae  than  the  western  one.  It  was  tberefore  better  adapted  for  Uk  eoa- 
meuceinent  of  commerce  and  navigation.  Its  high  mountains  were  land- 
marks for  the  nnpracticed  sailor,  and  its  nnmerons  islands  and  barbon 
afforded  shelter  for  his  frail  bark,  and  so  facilitated  commuDication  be- 
tween one  point  and  another. 

The  advance  of  civilization  nalnrally  took  place  along  the  axia  of 
this  sea,  Phoenicia,  Greece,  and  Italy  being  sacceesively  the  great  avt- 
series  of  human  kuowledge^nd  progress.  Fbcenicia  had  the  gloiy  <rf 
opening  out  thepathof  ancient  commerce,  for  its  position  in  theLenot 
gave  it  a  natural  command  of  the  ^editerrauean,  and  its  people  Boa|!ht 
the  profits  of  trade  from  every  nation  which  had  a  seaboard  on  tbe 
three  continents  washed  by  this  sea.  Ph<£uicia  was  already  a  nation 
before  the  Jews  entered  the  Fromieed  Land ;  and  when  they  did  so,  tb«; 
carried  on  inland  traffic  as  middlemen  to  the  Phtenicians.  Many  of 
the  commercial  centers  on  the  shores  of  the  Mediterranean  were  founded 
before  Greece  and  Rome  acquired  importance  in  history.  Homer  refen 
to  them  as  daring  traders  nearly  a  thoasand  years  before  the  ChristiaD 
era. 

For  many  centuries  the  commerce  of  the  world  was  limited  to  tbe 
Mediterranean,  and  when  it  extended  in  the  direction  of  the  Jfaat  it 
was  the  merchants  of  the  Adriatic,  of  Genoa,  and  of  Fisa  who  broa^t 
the  merchandise  of  India,  at  an  enormous  cost,  to  the  Mediterranean 
by  land,  and  who  monopolized  the  carrying  trade  by  sea.  It  was  thus 
that  the  elephant  trade  of  India,  the  caravan  traffic  through  Babylon 
and  Palmyra,  aa  well  as  the  Arab  kajil^w,  became  united  with  tlie 
Occidental  commerce  of  the  Mediterranean. 

As  civilization  and  commerce  extended  westward,  mariners  began  to 
overcome  their  dre^  of  the  vast  solitudes  of  tbe  ooean  b^ond  tbe  Pil- 
lars of  Hercules,  and  tbe  discovery  of  America  by  Oolumbus  and  the 
circum-navigation  of  Africa  by  tbe  Portnguese  changed  entirely  tbe  ear- 
rent  of  trade  as  well  as  increased  its  magnitude,  and  so  relegated  tbe 
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Hediteiranean,  which  bad  hitherto  been  the  central  sea  of  hnmaQ  intflr- 
ooarse,  to  a  poaition  of  secondary  importance. 

Time  vill  not  permit  me  to  enter  into  further  details  regarding  the 
physical  geography  of  this  region,  and  its  history  is  a  snhject  so  vast 
that  a  few  episodes  of  it  are  all  that  I  can  possibly  attempt.  It  is  in- 
timately eoniiected  with  that  of  every  other  coantry  in  the  world,  and 
here  were  successively  evolved  all  the  great  dramas  of  the  past  and 
some  of  the  most  importaot  events  of  less  distant  date. 

As  I  have  already  said,  long  before  the  rise  of  Greece  and  Borne  its 
shores  and  islands  were  the  seat  of  an  advanced  civilization.  Phcenieia 
had  sent  out  her  pacific  colonies  to  the  remotest  parte,  and  not  iusig- 
biBcant  vestiges  of  their  handicraft  still  exist  to  excite  our  wonder  and 
admiration.  We  have  the  megalithic  temples  of  Malta,  sacred  to  the 
worship  of  Baal,  the  generative  god,  and  Ashtoretb,  the  conceptive 
goddess,  of  the  universe.  The  three  thousand  nurkagi  of  Sardinia, 
rmiDd  towers  of  admirable  masonry,  intended  probably  for  defense  in 
case  of  sudden  attack,  and  the  so-called  giant  graves,  were  as  great  a 
mfstery  to  classical  authors  as  they  are  to  us  at  the  present  day. 
Minorca  baa  its  talayoU,  tumuli  somewhat  analogous  to  but  of  ruder 
oonstrnctiot*  than  the  nurkoffi,  more  than  200  groups  of  which  exist  in 
various  parta  of  the  island.  With  these  are  associated  subordinate  con- 
stractions  intended  for  worship,  altars  composed  of  two  immense 
monoliths  erected  in  the  tbrm  of  a  T,  sacred  indosnres  and  megalithic 
habitations.  One  type  of  talayot  is  especially  remarkable,  of  better 
masonry  than  the  others,  and  exactly  resembling  inverted  boats.  One 
iR  templed  to  believe  that  the  Phoenicians  had  in  view  the  grass  hab- 
itations or  tnapalia  of  the  Nnmidians  described  by  Sallust,  and  bad 
endeavored  to  reproduce  them  in  stone:  ObUmga,  ineurvis  lateribua 
tftta,  quiui  navium  earifue  mnt. 

For  a  long  time  the  Phcenicians  had  no  rivals  in  navigation,  but 
subsequently  the  Greeks — especially  the  Phocians — established  colonies 
ia  the  aestern  Mediterranean,  in  Spain,  Corsica,  Sardinia,  Malta,  and 
the  south  of  France,  through  the  means  of  which  they  propagated  not 
only  their  commerce  but  their  arts,  literature,  and  ideas.  Tbey  iotro- 
dnced  many  valuable  plants,  such  as  the  olive,  thereby  modifying  pro- 
foundly the  agriculture  of  the  countries  in  which  they  settled.  They 
bave  even  left  traces  of  their  blood,  and  it  is  no  doubt  to  this  that  the 
women  of  Provence  owe  the  classical  beanty  of  their  features. 

Bat  they  were  eclipsed  by  their  successors.  The  empire  of  Alexander 
opened  out  a  road  to  India,  in  which,  indeed,  the  Phoenicians  bad  pre- 
ceded him,  and  introduced  the  produce  of  the  I'^ast  into  the  Mediter- 
ranean; while  the  Tyrian  colony  of  Carthage  became  the  capital  of 
another  vast  empire,  which,  from  its  situation  midway  between  the 
Levant  and  the  Atlantic  Ocean,  enabled  it  to  command  the  Mediter- 
ranean  traffic. 

The  Carthaginians  at  one  time  ruled  over  territory  extending  along 
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the  coast  from  Cyrene  to  Numidia,  besides  baviog  a  considerable  infla- 
cnce  over  the  interior  of  the  coDtioent,  so  that  the  uame  of  Africa, 
given  to  tbeir  owd  domiDioas,  vaa  gradnally  applied  to  a  whole  qauter 
of  the  globe.  The  ruling  passion  with  tbe  Gartbaginians  was  love  of 
gain,  not  patriotism,  and  their  wars  were  largely  fonght  with  merceoa- 
ries.  It  was  the  excellence  of  her  civil  constitation  which,  accordiag 
to  Aristotle,  kept  in  cohesion  for  centuries  her  straggling  possessions. 
A  country  feebly  patriotic,  which  intrusts  her  defense  to  foreigners, 
bas  tbe  seeds  of  inevitable  decay,  which  ripened  in  ber  struggle  with 
Borne,  despite  tbe  warlike  genius  of  Hamilcar  and  the  devotion  of  the 
magnanimous  Hannibal.  Tbe  gloomy  and  crnel  religion  of  Carthage, 
with  its  human  sacrifices  to  Moloch  and  its  worship  of  Baal  under  the 
name  of  Melkarth,  led  to  a  criminal  code  of  Draconic  severity  and 
alienated  it  from  surrounding  nations..  When  the  stmggle  with  Rome 
began,  Carthage  bad  no  friends.  The  first  Punic  war  was  a  contest  for 
tbe  possession  of  Sicily,  whose  prosperity  is  even  now  attested  by  the 
splendor  of  its  Hellenic  monuments.  When  Sicily  was  lost  by  the 
Carthaginians,  so  also  was  the  dominion  of  the  sea,  which  hitherto 
bad  been  uncontested.  Tbe  second  Panic  war  resnlted  in  the  utter 
prostration  of  Carthage  and  the  loss  of  all  her  possessions  out  of 
Africa,  and  in  201  B.  c,  when  this  war  was  ended,  552  years  after 
the  fonndatiou  of  tbe  city,  Borne  was  mistress  of  tbe  world. 

The  destruction  of  Ciirthage  after  the  third  Pnnio  war  was  a  heavy 
blow  to  Mediterranean  commerce.  It  was  easy  for  Cato  to  ntter  bis 
stern  Detenda  est  Carthago.  Destruction  is  easy,  but  construction  is 
vastly  more  difficult.  Although  Augustus  tn  bis  might  built  a  new 
Carthage  near  the  site  of  tbe  old  city,  be  could  never  attract  again  the 
tr.ide  of  tbe  Mediterranean,  which  bad  been  diverted  iuto  other  chan- 
nels. Roman  supremacy  was  unfavorable  to  the  growth  of  commerce, 
because,  though  she  allowed  nnrestricted  trade  throughout  her  vast 
empire  and  greatly  improved  internal  communications  in  the  subju- 
gated countries,  Bome  itself  absorbed  tbe  greater  part  of  tbe  wealth 
and  did  not  produce  any  commodities  in  return  for  its  immense  con- 
sumption, therefore  Mediterranean  commerce  did  not  thrive  nuder  the 
Koman  rule.  The  conquest  of  Carthage,  Greece,  Egypt,  and  tbe  East 
ponred  in  riches  to  Home,  and  dispensed  for  a  time  with  the  needs  of 
productive  industry,  but  formed  no  endnring  basis  of  prosperity. 

It  is  only  in  relation  to  tbe  Mediterranean  that  I  can  refer  to  Booiau 
history;  but  1  mast  allude  to  tbe  interesting  episode  in  tbe  life  of 
Diocletian,  who,  after  an  ansious  reign  of  21  years  in  tbe  eastern 
division  of  the  empire,  at>dicated  at  Nicomedia,  and  retired  to  his 
native  province  of  Illyria.  He  8i>ent  the  rest  of  his  life  in  runU  pleas- 
ures and  horticulture  at  Saloua,  near  which  he  bnilt  that  splendid  pal- 
ace within  the  walls  of  which  subsequently  arose  the  modern  city  of 
i^palato.  Nothing  more  interesting  exists  on  tbe  shores  of  tbe  Medi- 
terranean than  this  extraordinary  ediflce,  perhaps  the  largeat  that 
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ever  arose  at  the  bidding  of  a  single  man ;  not  odI;  vast  and  lieantifnl, 
bat  marking  one  of  the  moat  important  epochs  in  the  history  of  archi- 
tecture. 

Titongb  now  obstracted  with  a  mass  of  narrow,  tortnoas  streeto,  its 
salient  featares  are  distinctly  visible.  The  great  temple,  probably  the 
inanaoleam  of  the  foander,  has  become  the  cathedr»I,  and  after  the 
PaDtbeou  at  Rome  there  is  no  finer  stwcimen  of  a  heathen  temjile 
tamed  into  a  Ghristiaa  church.  Strange  it  is  that  the  tomb  of  him 
whose  reign  was  marked  by  such  unrelenting  persecution  of  the  Chris- 
tiaus  should  have  been  accepted  as  the  model  of  those  baptisteries  so 
commoitly  constructed  in  the  following  centuries. 

Of  Dio4;Ietian'8  Salona,  one  of  the  chief  cities  of  the  Roman  world, 
bat  little  now  remains  save  traces  of  the  long,  irregular  walls.  Recent 
eicavalions  have  brought  to  light  much  that  is  interesting,  but  all  of 
the  Christian  epoch,  such  as  a  large  basilica  which  had  been  used  as 
a  necropolis,  and  a  baptistery,  one  of  those  copied  from  the  temple  of 
Spalato,  on  the  mosaic  pavement  of  which  can  still  be  read  the  text, 
Hitvt  cervm  desiderat  fontem  aquarum  ita  antma  mea  ad  te  Deui. 

The  final  partition  of  the  Roaiau  Empire  took  place  in  365;  40  years 
later  the  barbariane  of  the  North  began  to  invade  Italy  and  the  south 
ofEnrope;  and  in  429,  Gen.seric,  at  the  bead  of  his  Vandal  hordes, 
eroBsed  over  into  Africa  from  Andalusia,  a  province  which  still  bears 
their  name,  devastating  the  country  as  far  as  the  Cyrenaica.  He  sub- 
Beqaently  aanezed  the  Balearic  Islands,  Corsica,  and  Sardinia;  he 
ravaged  the  coasts  of  Italy  and  Sicily,  and  even  of  Greece  and  Illyria; 
bat  the  moat  memorable  of  his  exploits  was  the  nuri'Sisted  sack  of 
Ifome,  whence  he  returned  to  Africa  laden  with  treasure  and  bearing 
the  Empress  Eudoxia  a  captive  in  his  train. 

ITie  degenerate  emperors  of  the  West  were  iKtwurless  to  avenge  this 
iasult;  but  Byzantium,  though  at  this  time  sinking  to  decay,  did 
make  a  futile  attempt  to  attack  the  Vandal  monarch  in  his  Aftican 
atroDghold.  It  was  not,  however,  till  533,  in  the  reign  of  Justinian, 
when  the  successors  of  Qenseric  had  fallen  into  luxurious  habits  and 
bait  lost  the  rough  valor  of  their  ancestors,  that  Betisanus  was  able  to 
break  their  power  and  take  their  last  king  a  prisoner  to  Const  an  tinople. 
Tlie  Vandal  domination  in  Africa  was  destroyed,  but  that  of  the 
Bjzautines  was  never  thoroughly  consolidated;  it  rested  not  on  its 
own  strength,  but  on  the  weakness  of  ita  enemies ;  and  it  was  quite 
Doable  to  cope  with  the  next  great  wave  of  invasion  which  swept  over 
the  land,  perhaps  the  most  extraordinary  event  in  the  world's  history, 
uveoDly  the  introduction  of  Christianity. 

In  647,  27  years  after  the  Hedjira  of  Mohammed,  Abdulla  ibn  Saad 
i*tarted  from  Egypt  for  the  conquest  of  Africa  with  an  army  of  40,000 
men. 

The  expedition  had  two  determining  causes — the  hope  of  plunder 
aud  the  deaire  to  promulgate  the  religion  of  El  Islam.    The  sands  and 
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'  ~«oorohing  heat  of  the  desert,  which  had  nearly  proved  taiai  to  the 
anuy  of  Oato,  were  do  bar  to  the  hardy  ArabiaDS  and  their  eadnriog 
catnels.  The  march  to  Tripoli  was  a  fotigning  ooe,  bat  it  was  Bacoeo- 
fhlly  accomplished ;  the  invaders  did  not  exhaast  their  force  ia  a  vain 
effort  to  redace  its  fortifications,  bat  swept  6a  over  the  Syrtio  desert 
and  north  to  the  provioce  of  Africa,  where,  near  the  splendid  dt?  of 
Snffetala,  a  great  battle  was  fongbt  between  them  and  the  army  irf  the 
Exarch  Grefcorius,  in  which  the  Christians  were  signally  defeated, 
their  leader  killed,  and  bis  daughter  allotted  to  Iba-ez-Zobair,  who  bad 
slain  her  father. 

£Tot  only  did  the  victorious  Moslems  overrnu  north  AfHca,  butsooD 
they  had  powerful  fleets  at  sea,  which  dominated  the  entire  Uediter- 
ranean,  and  the  emperors  of  the  East  had  enough  to  do  to  protect  tbor 
own  capital. 

Egypt,  Syria,  Spain,  Pravence,  and  the  islands  of  the  Mediterraneaa 
successively  fell  to  their  arms,  and  until  tliey  were  checked  at  the 
Pyrenees  by  Charles  Martel  it  seemed  at  oue  time  as  if  the  whole  <tf 
sonthern  Europe  would  have  been  compelled  to  submit  to  the  disdples 
of  the  new  relieiou.  Violent,  implacable,  and  irresistible  at  the  moment 
of  conquest,  the  Arabs  were  not  unjust  or  hard  masters  in  countries 
which  submitted  to  their  condttioas.  Every  endeavor  was,  of  course, 
made  to  proselytize,  bat  Christians  were  allowed  to  preserve  their  i«- 
ligiou  oupaymeutof  a  ta}c,aud  even  Popes  wereiu  the  habit  of  entering 
into  frieudly  relations  with  the  iaraders.  The  Cbarch  of  St  CypriAD 
and  St.  Augustine,  with  its  500  sees,  was  indeed  expunged,  but  five  cen- 
turies after  the  passage  of  the  Mohammedan  army  from  Egypt  to  the 
Atlantic  %  remnant  of  it  still  existed.  It  was  not  till  the  twelfUi  cen- 
tury that  the  religion  and  language  of  Rome  became  atterly  extin- 
guished. .1  ~ 

The  Arabs  iutroduced  a  high  state  of  civilization  into  the  couatries 
where  they  settled;  their  architecture  is  the  wonder  and  admiration  of 
the  world  at  the  present  day;  their  irrigatioaal  works  iu  Spain  have 
never  been  improved  upon ;  they  fostered  literature  and  the  arts  of 
peace,  and  introdjced  a  system  of  agriculture  far  superior  to  what 
existed  before  their  arrival. 

Commerce,  discouraged  by  tbe  Romans,  was  highly  honored  by  the 
Arabs,  and  daring  their  rule  the  Mediterraneau  recovered  the  trade 
which  it  possessed  in  the  time  of  the  Phoenicians  and  GarthaginiaDs; 
it  penetrated  into  the  Indian  Archii)elago  and  China;  it  travelled  west- 
ward to  the  If  iger,  and  to  the  east  as  far  as  Madagascar,  and  the  great 
trade  route  of  the  Mediterranean  was  once  more  developed. 

Tbe  powerand  prosperity  of  the  Arabs  culminated  in  the  ninth  century, 
when  Sicily  fell  to  their  arms;  it  was  not,  however,  very  long  before 
their  empire  began  to  be  undermined  by  dissensions;  the  temporal  and 
spiritual  authority  of  the  Ommiade  Klialifs,  which  extended  from  Sind 
to  Spain  and  from  tbe  Oxus  to  Yemen,  was  overthrown  by  tbe  Abba- 
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MtB  in  the  year  132  of  tbe  Hedjlra,  A.  d.  760.  Seven  years  later 
Spaifl  detached  itself  from  tbe  Abbaside  empire;  a  new  caliphate  was 
esUbliahed  at  Cordova,  and  hereditary  monarchies  began  to  spring  np 
in  other  Mohammedan  ooantries. 

The  Oarlovingian  empire  gave  an  impnlse  to  the  maritime  power  of 
thesoath  of  Earope,  and  in  the  Adriatic  the  fleets  of  Venice  and  Bagnsa 
moDopdizMl  tbe  traffic  of  the  Levant.  The  merchants. of  the  latter 
DOble  little' republic  penetrated  even  to  onr  own  shores,  and  Shake- 
speare has  made  the  Argosy  or  Bagnsie  a  hoasehold  word  in  oar  Ian- 
piage. 

Daring  the  eleventh  century  the  Christian  powers  were  no  longer 
ooQteDt  to  resist  tbe  Uohammedans;  tbey  began  to  tarn  their  arms 
igaioet  them.  If  tbe  latter  ravaged  some  of  the  fairest  parts  of  Enrope, 
tbe  Christians  began  to  take  brilliant  revenge. 

The  Uohammedans  were  driven  out  of  Corsica,  Sardinia,  Sicily,  and 
the  Balearic  Islands,  bat  it  was  not  till  1492  that  they  bad  finally  to 
ibaodon  Earoi>e,  after  the  oonqnest  of  Granada  by  Ferdinand  and 
Irabella. 

Abontthe  middle  of  tbe  eleventh  centnry  an  event  took  place  which 
profoandly  modified  the  condition  of  the  Mohammedan  world.  The 
Caliph  Uostausir  let  loose  a  horde  of  nomad  Arabs,  who,  starting  from 
£|ypt,  spread  over  tbe  whole  of  north  Africa,  carrying  destmction  and 
blood  wherever  tbey  passed,  thus  laying  tbe  foaodation  for  tbe  snbse- 
qoent  state  of  anarchy  which  rendered  possible  the  interference  of  tbe 
Tnrks. 

Boglisb  commercial  intercourse  with  the  Mediterranean  was  not 
oskDowD  even  from  tbe  time  of  the  GruRiules,  bat  it  does  not  appear 
to  have  been  c^ried  on  by  meaaa.of  onr  own  vessels  till  tbe  beginning 
of  the  sixteenth  centary.  In  1522  it  was  so  great  that  Henry  YIII 
^ipointed  a  Cretan  merchant,  Censio  de  Balthazari,  to  be  "  master,  gov- 
mior,  protector,  and  oousnl  of  all  and  singlar  tbe  merchants  and  others, 
his  lieges  and  snbjects,  within  the  port,  island,  and  country  of  Crete 
(rrCandia."  This  is  the  very  first  English  consnl  known  to  history, 
but  the  first  of  Eoglish  birth  was  my  own  predecessor  in  ofQce,  Master 
Mn  Tipton,  who,  after  having  acted  at  Algiers  during  several  years 
iu  sa  nnofficial  character,  probably  elected  by  the  merchants  tbem- 
wives  to  protect  their  interests,  was  dnly  appointed  condul  by  Sir 
William  Harebone,  ambassador  at  Constantinople,  in  1685,  and  received 
jut  snch  an  exequatur  from  the  Porte  as  has  been  issued  to  every 
consnl  siuce  by  the  Oovernmeut  of  tbe  country  in  which  he  resides. 

Piracy  has  always  been  the  soonrge  of  the  Mediterranean,  but  we  are 
too  apt  to  associate  its  horrors  entirely  with  tbe  Moors  and  Turks. 
Tbe  evil  bad  existed  from  the  earliest  ages;  even  belore  tbe  Roman 
eooqMest  of  Dalmatia  the  Illyrians  were  tbe  general  enemies  of  tbe 
Adriatic.  Africa,  nnder  tbe  Vandal  reign,  was  a  nest  of  the  fiercest 
piiates.    The  Venetian  chronicles  are  fall  of  complaints  of  thMravages 
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of  the  Corsairs  of  Ancons,  and  tbere  is  oo  other  name  bQt  ptraeyfor 
eueb  acta  of  the  Genoese  as  the  uoprovoked  pillage  of  Tripoli  by  Andrea 
Doriain  1535.  To  form  a  just  idea  of  the  Oorsaira  of  the  past,  it  is 
well  to  remember  that  commerce  and  piracy  were  often  synoaymoos 
terms,  even  amonf;  the  English,  up  to  the  reign  of  Elizabeth.  Ustea 
to  the  description  given  by  the  pious  Cavendish  of  hisoommeroiBl  dr- 
cnmnavigation  of  the  globe :  "  It  has  pleased  Almighty  God  to  saffer 
me  to  circampass  the  whole  globe  of  the  world.  -  -  •  I  navigated 
along  the  coast  of  Chile,  Peru,  and  New  Spain,  where  I  made  great 
spoils.  All  the  villages  aud  towns  that  ever  I  lauded  at,  I  bnrned  and 
spoiled,  and  had  I  uot  been  discovered  upon  the  coast,  I  had  taken  a 
great  quantity  of  treasure,"  and  so  be  concludes,  "The  Lord  be  praised 
for  nil  bis  mercies  1  **  > 

Sir  William  Monson,  when  called  npon  by  James  I  to  propose  a 
scheme  for  an  attack  on  Algiers,  recommended  that  all  the  maritime 
powers  of  Europe  should  coutribnte  towards  the  expense  and  partia* 
pato  in  the  gains  by  the  sale  of  Moors  aud  Turks  as  slaves. 

After  the  discovery  of  America  and  the  expulsion  of  the  Moors  ftom 
Spain,  piracy  developed  to  au  extraordinary  extent.  The  audacity  of 
the  Barbary  Corsuirs  seems  incredible  at  the  present  day;  they  landed 
OD  the  shores  and  islands  of  the  Mediterranean,  aud  even  extended 
their  ravages  to  Great  Britaiu,  carrying  off  all  the  inhabitants  whon 
they  could  seize  into  the  most  wretched  slavery.  The  most  formidaUe 
of  these  piratical  states  was  Algiers,  a  military  oligarchy,  consisting 
of  a  body  of  jauissaries,  recruited  by  adventurers  from  the  Levent,  the 
ootcasts  of  the  Mohammedan  world,  criminals  and  renegades  from 
every  nation  in  Europe.  They  elected  their  own  ruler  or  Dey,  who 
exercised  despotic  sway,  tempered  by  frequent  assassination;  they 
oppressed  without  mercy  the  natives  of  the  country,  accumulated  vast 
riches,  bad  immense  numbers  of  Christian  slaves,  and  kept  all  Europe 
in  a  state  bordering  on  subjection  by  the  terror  which  they  inspired. 
Nothing  is  sadder  or  more  inexplicable  than  the  shameful  manner  in 
which  this  state  of  things  was  accepted  by  civilized  nations.  Many 
futile  attempts  were  made  during  successive  centuries  to  humble  their 
arrogance,  but  it  only  increased  by  every  manifestntion  of  the  power- 
lessness  of  Europe  to  restrain  it.  It  was  reserved  foi  our  own  ooontry* 
man,  Lord  Esuiouth,  by  his  brilliant  victory  in  1816,  forever  to  pot  a 
end  to  piracy  and  Christian  slavery  in  the  Mediterranean.  His  vtor^ 
however,  was  left  incomplete,  for  though  he  destroyed  the  navy  of  the 
Algeriiies  nnd  so  rendered  them  powerless  for  evil  on  the  seas,  they 
were  far  from  being  humbled;  they  continued  to  slight  their  treatiet 
and  to  subject  even  the  agents  of  powerful  nations  to  contumely  and 
injustice.  The  French  took  the  only  means  possible  to  destroy  this 
nest  of  ruffians  by  the  almost  unresisted  occupation  of  Alipers  and 
the  deportation  of  its  Turkish  aristocracy. 

Tbey  ibund  the  whole  country  in  the  possession  of  a  hostile  people, 
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some  of  whom  bad  never  been  snbdued  sinoe  tbe  /all  of  the  Boman 
Empire,  and  tbe  world  owes  France  no  small  debt  of  gratitude  for  bav- 
iog  trftDsfonned  what  was  a  savage  and  almost  nncaltivated  coantry 
ioM  one  of  tbe  ricbeat  aa  well  as  tbe  most  beantifnl  in  the  basiu  of  the 
Uediterranean. 

What  has  beeo  accomplisbed  in  Algeria  is  being  effected  in  Tunittia. 
Tbe  treaty  of  the  Kasr-es-Saeed,  whicb  establiabed  a  Freocb  protecto- 
rate tbere  and  militar;  occupation  of  the  regency,  were  aboat  as 
bif[b'handed  and  unjustifiable  acts  as  are  recorded  in  bistoryj  bat 
(bere  can  be  no  possible  doubt  regarding  tbe  important  work  of  civil- 
'zation  and  improvement  tbat  has  resulted  from  them.  European 
toartB  of  instice  have  been  established  all  over  tbe  country,  the 
eiportB  and  imports  have  increased  fh>in  twenty-three  to  fifty-one 
millions  of  fra  ncs,  tbe  revenue  front  six  to  nineteen  millions,  witbout 
the  impoaitioD  of  a  single  new  tax,  and  nearly  half  a  million  pet  annum 
it  being  speut  on  education. 

Sooner  or  later  tbe  same  thing  mnst  happen  in  the  rest  of  north 
Africa,  though  at  present  internatioual  jealousies  retard  this  desirable 
tonaQoimalion.  It  Heems  hard  to  coudemu  such  fair  countries  to  con- 
dnned  barbarism  in  tbe  interest  of  tyrants  who  mis-govern  and  oppress 
ttieiT  people.  The  day  can  not  be  far  off  when  the  whole  southern 
iborea  of  the  Mediterranean  will  enjoy  tbe  same  prosperity  and  civil 
iutjoo  as  the  northern  coast,  and  when  tbe  deserts  which  are  tbe 
Rsnlt  of  mis- government  and  neglect  will  assume  the  fertility  arising 
fnin  secnrity  and  industry,  and  will  again  blossom  as  the  rose. 

It  cannot  be  said  tbat  any  part  of  the  Mediterranean  baaio  is  still 
ukaown,  if  we  except  the  Empire  of  Morocco.  But  even  tbat  country 
iu  been  traversed  in  almost  every  direction  dnriug  the  past  20 
}«tF8,  and  its  geography  and  natural  history  have  been  illustrated  by 
lun  of  tbe  greatest  eminence,  such  as  Gerhard  Roblfs,  Monsieur  Tissot, 
Sr  Joseph  Hooker,  the  Yicomte  do  Foncanld,  Joseph  Thomson,  and 
Hmerons  other  travellers.  Tbe  least  known  portion,  at  least  on  the 
iMiterranean  coast,  is  the  Biff  country,  the  iubospitality  of  whose 
habitants  has  given  tbe  word  "ruEBan"  to  the  English  language, 
ino  that  has  been  penetrated  by  De  Foucauld  disguised  as  a  Jew, 
M  the  record  of  bis  exploration  is  one  of  tbe  most  brilliant  oon- 
kibntious  to  the  geography  of  the  coantry  which  has  hitherto  been 
Me. 

>  AithoDgh,  therefore,  but  little  remains  to  be  done  in  tbe  way  of 
ptaal  exploration,  tbere  are  many  by-ways  of  travel  comparatively 
We  known  to  that  class  of  the  commanity  with  which  I  have  so  much 
ftkpatby, — the  ordinary  British  tourist.  These  flock  every  year  in 
hidreds  to  Algeria  and  Tunis,  but  few  of  them  visit  the  splendid 
■■laa  remains  Id  the  interior  of  those  coautries.  The  Cyrenaicais 
M  80  easily  accessible,  and  I  doubt  whether  any  Englishmen  have 
ktmied  in  it  since  the  exploration  of  Smith  and  Porcber  in  18G1, 

H.  Mia.  129 18-  Goo^^lc 
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Oxmne  ftlmoac  rivalled  Cftrthage  in  commercial  importatice.  Tbe 
Hellenic  rains  still  existing  bear  witness  to  tbe  splendor  of  its  five  great 
cities.  It  was  tbe  birtli-place  of  many  distiDgnisbed  people,  and  amoDgHt 
its  bills  and  foantains  were  located  some  of  the  moat  iateraeting  sceaes 
in  mythology, snch  as  the  Gardens  of  tbe  HesperideSjand  the  "nleat, 
dall,  forgetfol  waters  of  Letbe." 

This  peninsala  is  only  separated  by  a  narrow  strait  from  Greece, 
whence  it  waa  originally  colonized.  Tbere,  and  indeed  all  ova  tbe 
eastern  basin  Of  the  Mediterranean,  are  many  little-trodden  rontes^bat 
the  subject  la  too  extensive;  I  am  relactantly  compelled  to  restrict  m; 
remarks  to  the  western  half. 

The  sooth  of  Italy  is  more  frequently  traversed,  and  less  travelled  in, 
than  any  part  of  that  conntry.  Of  the  thousands  who  yearly  enibart  ' 
or  disembark  at  Brindisi  few  ever  visit  the  land  of  Manfl^d.  Otnolo  I 
is  only  known  to  them  from  the  faucifnl  descriptions  in  Horace  W>l- 
pole*s  romance.  The  general  public  in  this  country  iitquite  ignorantof 
what  is  going  on  at  Taraato,  and  of  the  great  arsenal  and  dockyaitl  : 
which  Italy  is  constructing  iu  the  Mare  Piccolo,  an  inland  seacontsis- 
ing  more  tban  1,000  acres  of  anchorage  for  the  largest  ironclads  afloat, 
yet  with  an  entrance  so  narrow  that  it  Is  spanned  by  a  revolving  bridge 
Even  tbe  Adriatic,  tboagh  traversed  daily  by  steamers  of  the  Anstiiai 
Lloyd's  Company,  is  not  a  highway  of  travel,  yet  wherein  it  possible  to 
find  so  many  places  of  interest  within  the  short  space  of  a  week's  voy- 
age, between  Corfn  and  Trieste,  as  along  the  Dalmatian  and  Istrias 
shores,  and  among  the  islands  that  fringe  tbe  former  where  it  is  difi- 
cult  to  realize  that  one  is  at  sea  at  all,  and  not  on  some  great  inlaod 
laket 

Tbere  is  the  Bocohe  di  Oattaro,  a  vast  rent  made  by  the  Adriatiii 
among  tbe  mountains,  where  tbe  sea  flows  round  their  spurs  in  a  «»«> 
of  oMials,  bays,  and  lakes  of  surpassing  beauty.  Tbe  city  of  CattMM 
itself,  the  gateway  of  Montenegro,  with  its  pictnresqne  Yeuetian  fortv 
ress,  nestling  at  tbe  foot  of  the  black  moantaiu,  Uagusa,  tbe  Bomn 
successor  of  the  Hellenic  Epidanrus,  queen  of  the  southern  Adriatic 
battling  with  the  waves  on  her  rock  bound  peniusnla,  the  one  spot  i| 
all  that  sea  which  never  submitted  either  to  Venice  or  the  Turk,  ail 
for  centuries  resisting  tbe  barbarians  on  every  side,  absolutely  auiqM 
as  a  mediEBval  fortified  town,  and  worthy  to  have  given  ber  name  to  tkl 
argosies  she  sent  forth ;  Spalato,  the  grandest  of  Boman  monameoMI 
Lissa,  colonized  by  Dionysius  of  Syracuse,  and  memorable  to  as  as  ban 
ing  been  a  British  naval  station  from  1812  to  1814,  while  the  FreiA 
held  Dalmatia ;  Zara,  the  capital,  famous  for  its  siege  by  tbe  CrosadHt 

£  resting  from  an  ecclesiological  point  of  view,  and  venerated  as  til 
resting  place  of  St.  Simeon,  tbe  prophet  of  the  Iftme  dimitltn 
enza,  with  its  great  basilica;  Pola,  with  Its  noble  harbor,  whMtf 
Belisarins  sailed  forth,  now  the  chief  naval  port  of  tbe  Austrian  Bl% 
pire,  with  its  itoman  amphitheater  and  graceful  triumphal  arches,  M 
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Bideg  m«oy  otber  places  of  almoBt  equal  iotetest  Still  farther  west  are 
Coniea,  Sardinia,  aad  the  Balearic  Islands,  all  easily  accessible  from 
the  coasts  of  France,  Italy,  and  Spain,  Their  parts  are  constantly  vis- 
ited by  mail  steamers  and  private  yaubts,  yet  they  are  bat  little  ex- 
plored in  the  interiw.    •    *    - 

1  hare  eodeavore^l  to  sketob,  aeoessarily  in  a  very  imperfect  maDoer, 
tbe  physical  character  and  history'  of  the  Mediterranean,  to  show  how 
tfae  oomoierce  of  tlie  world  originated  in  a  small  maritime  state  at  its 
eutera  extremity ;  how  it  gradually  advanced  westward  till  it  bnrst 
throagb  the  Straiteof  Gibraltar  and  extended  over  seas  and  continents 
autil  Uien  undreampt  of,  an  event  which  deprived  the  Mediterranean  ot 
that  commeroial  prosperity  and  greatness  which  for  centuries  had  been 
Umiletl  to  its  narrow  basin. 

Oac«!  more  tliis  historic  sea  has  beoome  the  highway  of  nations;  the 
peisisteot  energy  and  genius  of  two  men  have  revolutionized  iiaviga- 
tian,  opened  out  new  aud  bound  leas  fields  for  commerce,  and  it  is  hardly 
loo  isDch  to  SHy  that  if  the  Mediterranean  is  to  be  restored  to  its  old 
po«ittou  of  imiwrtance,  if  the  struggle  for  Africa  is  to  result  in  its  re- 
gtwratioD,  as  happened  in  the  New  World,  if  the  dark  places  still  re- 
maiaing  in  the  farther  East  are  to  be  civilized,  it  will  be  in  a  great 
Douare  due  to  Waghom  and  Ferdinand  de  Lesseps,  who  developed 
the  overland  route  and  created  the  Suez  Canal. 
Bat  the  Mediterranean  can  only  hope  to  retain  its  regenerated  posi- 
tion it)  time  of  peace.  Nothing  is  more  certainly  shown  by  past  history 
tban  that  war  and  conquest  have  changed  the  route  of  commerce  in 
^>iteof  favored  geographical  positions.  Babylon  was  conquered  by 
issyriana,  Persians,  Macedonians,  and  Uomans,  and  though  for  a  time 
berpoeitiou  oo  the  Euphrates  canseil  her  to  rise  like  a  Phoenix  from 
W  sahes,  successive  conquests  combined  with  the  luxury  and  effemi- 
mej  of  befrulers,  caused  her  to  perish.  Tyre,  conquered  by  Nebncbad- 
oeziar  and  Alexander,  fell  as  completely  as  Babylon  had  done,  and  her 
hade  passed  to  Alexandri%  Ruined  sites  of  commercial  cities  rarely 
H^ia  become  emporiaof  commerce;  Alexandria  is  an  exception  de- 
ipendent  on  very  exceptioual  circa mstauces. 

The  old  route  to  the  East  was  principally  used  by  sailing  vessels,  and 
*u  abandoned  for  the  shorter  and  more  economical  one  by  the  Suez 
Caaal,  which  now  enables  a  round  voyage  to  be  made  in  60  days,  which 
ivmerly  required  from  6  to  8  months.  This,  however,  can  only  remain 
fKnin  time  of  peace.  It  is  quite  possible  that  in  tbe  event  of  war  the 
^  route  by  tbe  Gape  may  be  again  used  to  the  detriment  of  traffic  by 
Ike  Mediterranean.  Modern  invention  has  greatly  economized  tbe  use 
;>f  coal,  and  steamers,  by  tbe  use  of  duplex  and  triplex  engines,  can  run 
|*ith  a  comparatively  small  consumption  of  fuel,  thhs  leaving  a  larger 
l^ace  for  cargo.  .  England,  the  great  carrying  power  of  tbe  world,  may 
And  it  more  advantageous  to  trust  to  her  own  strength  and  tbe  aeour- 
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ity  of  tbe  open  seas  than  to  ran  the  ganotlet  or  the  namerooB  strateg- 
ical positious  of  tbe  MediterraoeaD,  such  as  Port  Mahon,  Bizerta,  and 
Taranto,  each  of  which  is  capable  of  affording  impregnable  shelter  to  a 
hostile  fleet,  and  thongh  tbe  ultimate  key  to  thelndiaoUceauisinoiir 
owD  bands,  oar  passage  to  it  may  be  beset  by  a  thoasaDd  danism. 
There  is  no  act  of  my  career  ou  which  I  look  back  with  so  mach  satis- 
faction as  on  the  share  1  bad  in  the  occupation  of  Perim,  oue  of  tlie 
most  important  links  in  that  chain  of  coaling  stations  which  eitenda 
through  the  Mediterranean  to  the  farther  East,  and  which  is  so  neces- 
sary for  the  maintenance  of  onr  naval  supremacy.  It  is  a  mere  islet,  it 
is  true,  a  barren  rock,  but  one  sorroanding  a  noble  harbor,  ami  so  em- 
inently iu  its  right  place  that  we  can  not  contemplate  with  eqaaQinit; 
the  possibility  of  its  bBJiig  in  any  other  hands  than  our  own. 

It  is  by  no  means  certain  whether  exaggerated  armaments  are  bcflt    , 
suited  for  preserving  t>eace  or  hastening  a  destructive  war;  theKolden 
age  of  disarmament  and  international  arbitration  may  not  be  near  at 
hand,  but  it  is  even  now  talked  of  as  a  possibility. 

Should  tbe  poet's  prophecy  or  the  patriot's  dream  be  realized  and  % 
universal  peace  indeed  bless  the  world,  then  this  sea  of  so  many  vic- 
tories may  long  remain  tbe  harvest  field  of  a  commerce  nobler  tluto 
conquest. 
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By  J.  Scott  Kbltie. 


It  is  19  years  Kince  Stauli^y  first  crossed  the  threshold  of  ceotral 
A&ica.  Be  eotercd  it  as  a  newspaper  correspondent  to  find  ami 
Mccor  LiviDgstone,  and  came  oat  buruing  with  the  fever  of  African 
eiploratiou.  While  with  Livingstone  at  Ujiji,  be  tried  b'la  'prentice 
liand  at  a  little  exploring  work,  and  between  tbeiu  they  did  gomething 
lOBetlle  the  geography  of  the  north  end  of  Lake  Tanganyika.  Some 
tbree  years  and  a  half  later  he  was  once  more  ou  bis  way  to  Zanzibar, 
tbig  time  with  the  deliberate  intention  of  doing  something  to  fill  ap  the 
gnat  blank  that  still  occupied  the  center  of  the  continent.  A  glance 
at  the  first  of  the  maps  which  accompany  thiu  paper  will  afford  some 
idea  of  what  Central  Africa  was  like  when  Stanley  entered  it  a  second 
time.  The  altimate  sources  of  the  Nile  had  yet  to  be  settled.  The 
Wntoiir  and  extent  of  Victoria  Nyanza  were  of  the  most  Qiicertain 
cbaracter.  Indeed,  so  little  was  known  of  it  beyond  what  Speke  told 
Bt,  tbat  there  was  some  danger  of  its  being  swept  off  the  map  alto- 
getber,  not  a  few  geographers  believing  it  to  be  not  one  lake,  bat 
Mveral.  There  was  much  to  do  in  the  region  lying  to  the  weut  of  the 
kke,  even  though  it  had  been  traversed  by  Speke  and  Grant  Between 
•  line  drawn  from  the  north  end  of  L:ike  Tanganyika  to  some  distance 
fejond  the  Albert  Nyanza  on  one  side,  and  the  west  coast  region  on 
the  other,  the  uia[)  was  almost  white,  with  here  and  there  the  coujec- 
tiral  course  of  a  river  or  two.  Livingstone's  latest  work,  it  should  be 
nffleoibered,  was  then  almost  unknown,  and  Cameron  had  not  yet 
Ktarned.  Beyond  the  Yellala  Rapids  there  whs  uo  Congo,  and  Living- 
XoQe  believed  tbat  the  Lualaba  swept  northwards  to  the  Nile.  He 
w  often  gazed  longingly  at  the  broad  river  during  his  weary  sojourn 
ft  Nyaogw^,  and  yearned  to  follow  it,  but  felt  himself  too  old  and 
■thaoiited  for  the  task.  Stanley  was  fired  with  the  same  ambition  as 
n  dead  nianter,  and  was  young  and  vigorous  enough  to  indulge  it. 
'  What,  then,  did  Stanley  do  to  map  out  the  features  of  this  great 
Maok  daring  the  2  years  and  0  mouths  which  be  spent  in  crossing 
bom  Bag.imoyo  to  Bonia,  at  the  mouth  of  the  Congo  t  He  determined, 
litb  an  accantcy  which  has  since  necessitated  but  slight  modification, 

•From  Iht  CnnteiHporary  Reeiew,  Jaouary,  IftK),  vol.  lvii,  pp.  ^^^^^OqIc 
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the  oatline  of  the  Victoria  Nyauza ;  he  fooud  it  Co  be  one  of  the  gmt 
lakes  of  the  world,  21,500  oqaare  miles  ia  exteot,  with  an  altitodeof 
over  4,000  feet  and  border  souadings  of  ffom  330  to  580  feet.  Into  tbe 
south  shore  of  the  lake  a  river  flowed,  which  he  traced  for  some  300 
miles,  and  which  be  set  down  as  the  most  soatberly  feeder  of  tlie  Kile. 
With  bis  stay  at  the  court  of  the  clever  and  eaoning  Mtesa  of  Ugandft 
we  need  not  concern  ourselves;  it  has  bad  momentous  resnits.  West 
wards  be  came  upon  what  he  conceived  to  be  a  part  of  the  Albeit 
Xyanza,  which  be  named  Beatrice  Onlf,  bnt  of  which  more  anoD. 
Coming  southwards  to  Ujiji,  Stanley  filled  in  mauy  features  in  tbe 
region  he  traversed,  and  saw  at  a  distance  a  great  mountain,  wbicli 
he  named  Gordon  Bennett,  of  which  also  more  anon.  A  little  lake  to 
the  south  he  named  the  Alexandra  Nyanza;  thence  he  conjectared 
issued  the  southwest  source  of  tbe  Nile,  but  on  this  point,  within 
the  last  few  months,  he  has  seen  cause  to  change  his  mind.  Lake 
Tanganyika  be  circum  navigated,  and  gave  greater  accnracy  to  its  out- 
line; while  through  the  Lukuga  he  found  it  sent  its  waters  by  the 
Lnalaba  to  the  Atlantic  Crossing  to  Nyangw6,  where  with  longtuf 
eyes  Liviiigstooe  beheld  the  mile-wide  Lnalaba  flowing  "  north,  north, 
north,"  Stanley  saw  his  opportunity,  and  embraced  it.  Tippu  Tip 
failed  him  then,  as  he  did  later;  but  the  mystcryof  that  great  river  be 
had  made  up  his  mind  to  solve,  and  solve  it  be  did.  The  epic  of  that 
first  recorded  journey  of  a  white  mau  down  this  majestic  river,  wbieli 
forages  had  been  sweeping  its  uiiknowQ  way  through  tbe  center  of 
Africa,  he  and  his  dusky  companions  mnaiog  the  gauntlet  through  a 
thonsand  miles  of  hostile  savages,  is  one  of  the  most  memorable  things 
in  the  literature  of  travel.  Leaving  Nyangw^  on  Novemlier  5, 1876,  in 
9  months  he  traced  the  many-islanded  Congo  to  the  Atlantic,  and 
placed  on  the  map  of  Africa  one  of  its  most  striking  features;  for  the 
Congo  ranks  among  the  greatest  rivers  of  the  world.  From  the  remote 
Chambeze,  that  enters  Lake  Bangweolo  to  the  soa,  it  is  3,000  miles.  It 
has  mauy  tributaries,  themselves  affording  hnndreds  of  miles  of  navi- 
gable drains,  waters  a  basiu  of  a  million  square  miles,  and  poors  into 
the  Atlantic  a  volume  estimated  at  1,800,000  cubic  feet  per  secoud. 
Thus,  then,  were  the  first  liroad  lines  drawn  towards  filling  op  tlie 
great  bliiuk.  But,  as  we  know,  Stauley  two  years  later  was  once  more 
on  bis  way  to  the  Congo,  and  shortly  after,  witbin  tbe  compass  of  iU 
great  basin,  be  helped  to  found  tbe  Congo  Free  State.  Dnriog  the 
years  be  was  olScially  connected  with  tbe  river,  either  directly  or 
through  those  who  served  under  him,  be  went  on  filling  up  the  blank 
by  tbe  exploration  of  other  rivers,  north  and  south,  which  poured  their 
voluminous  tribute  into  the  maiu  stream;  and  the  impulse  he  gave 
has  contiuned.  The  blank  haa  become  a  network  of  dark  lines,  the 
interspaces  covered  with  the  names  of  tribes  and  rivers  and  lakes. 

Sucb,  then,  briefly,  is  what  Stanley  did  for  the  map  of  Aftica  daring 
his  great  andover-memorable  journey  across  tbe  continent.    Uooeuiora 
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Mr.  Staoley  has  orossed  tbe  cootiiient,  id  tbe  opposite  direction,  and 
takea  joat  about  tbe  same  time  in  which  to  do  so.  Discovery  was  not 
hismaio  object  this  time,  and  therefore  tbe  results  in  this  direction  bare 
not  been  eo  plentiful.  Indeod,  they  conld  not  be ;  be  had  left  so  com- 
paratively little  to  be  done.  Bnt  tbe  additions  that  he  has  made  to  our 
koDffledge  of  tbe  great  blank  are  considerable,  and  of  high  importunce 
iD  their  bearing  on  the  hydrography,  tbe  physical  geography,  tbe 
climate,  and  tbe  people  of  central  Africa. 

Let  OS  rapidly  ran  over  the  incideuts  of  this,  in  some  respects,  the 
DHKt  remarkable  expedition  that  ever  entered  Africa.  Its  first  pnrpose, 
as  we  know,  was  to  relieve,  and  if  necessary  bring  away,  Emin  Pasha, 
the  governor  of  the  abandoned  equatorial  province  of  tbe  Egyptian 
Badao,  which  spread  oo  each  side  of  the  Bahr-el-Jebel,  tbe  branch  of 
tbe  Nile  that  issues  from  tbe  Albert  ^yauza.  Here  it  was  snpposed 
that  be  and  his  Egyptian  officers  aud  troops,  and  tbeir  wives  and 
children,  were  beleagnred  by  tbe  Madhist  hordes,  aud  that  they  were 
at  tbe  end  of  tbeir  supplies.  Emio  Pasba,  who  as  Eduard  Scbnitzer 
vae  bom  in  Prussian  Silesia,  and  educated  at  Breslau  and  Berlin  as  a 
physician,  spent  12  years  (1864-1876)  in  tbe  Turkish  service,  daring 
which  be  traveled  over  much  of  the  Asiatic  dominions  of  Turkey, 
ioilnlging  bis  strong  tastes  for  natural  history.  In  l!J76he  entered  tbe 
serrice  of  Egypt,  and  was  sent  np  to  the  Sudan  as  surgeon  on  tbe  staff 
of  Gordon  Pasha,  who  at  that  time  governed  the  equatorial  province. 
lu  1878,  two  years  after  Gordon  bad  l>eeu  api>ointed  governor- general 
of  the  whole  Sudan,  Emin  Effeudi  ^be  had  Moslemized  himself)  was 
appointed  governor  of  the  equatorial  province,  which  be  found  com- 
I^etely  disorganizod  and  demoralized,  tbe  happy  hunting-ground  of 
tbe  slave-raider.  Within  a  few  months  Emin  had  restored  order,  swept 
Dot  the  slavers,  got  rid  of  tbe  Egyptian  scum  who  pretended  to  be 
soldiers,  improved  the  revenue,  so  that  instead  of  a  large  deficit  there 
was  a  considerable  surplus,  and  established  industry  and  legitimate 
trade.  Meantime  the  Uabdi  bad  appeared,  and  the  movement  of  con- 
qoeet  was  gathering  strength.  It  was  not,  however,  till  1384  that  Emin 
began  to  fear  danger.  Itwasin  January  of  that  year  that  Gordon  went 
oQt  to  hold  Khartoum ;  Just  a  year  later  both  be  and  the  city  fell  before 
theUadhist  host.  Emiu  withdrew  with  his  officers  and  dependents, 
noQbering  about  1,54H),  to  Wadelai,  in  tbe  south  of  the  province,  within 
euy  reach  of  Alt>ert  Nyaoza, 

finmoTs  of  the  events  in  the  Badao  after  the  fall  of  Ebartonm  reached 
ttiiB  country,  hut  do  one  outside  of  scientific  circles  seemed  to  take 
Boch  interest  in  Kmin  till  1S86.  Rapidly,  however,  Europe  became 
aware  what  a  noble  stand  this  simple  saviint,  who  bad  been  foisted  into 
the  position  of  governor  of  a  balf-savage  province,  was  makiag  against 
tile  forces  of  tbe  Mahdi,  and  how  be  refused  to  desert  his  post  and  his 
people.  Towards  the  aatamn  of  1886  public  feeling  on  tbe  subject  rose 
to  uch  a  height  that  the  British  Government,  which  was  held  to  blame 
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for  the  position  to  the  Bndau,  was  compelled  to  take  aotioiL   Oni 
repreeentative  at  Zanzibar,  as  early  as  Aagust  or  that  year,  iostitated 
inquiries  as  to  the  possibility  of  a  relief  expedition,  but  in  the  end,  in 
dread  of  international  complicatioiiB,  it  was  decided  that  a  gorenimrat 
expedition  was  impracticable.    In  this  dilemma,  Sir  (then  Mr.)  William 
Uaokinnon,  chairman  of  the  British  India  Steam  Navigation  Gompan;, 
whose  connection  with  east  Africa  is  of  old  standing,  came  forwaid 
and  offered  to  andertake  the  responsibility  of  getting  np  an  expe- 
dition.   The  Emin  Pasha  relief  committee  was  formed  in  December, 
1886,  and  (Government  did  all  it  could  to  aid,  short  of  taking  the 
actual  responsibility.    Mr.  H.  M.  Stanley  generoasly  offered  hiaserrioes 
as  leader,  without  fee  or  reward,  giving  np  many  lacrative  engage- 
ments for  the  purpose.    Ko  time  was  lost.    The  sam  of  £30,000  had 
been  subscribed,  ioclcding  £10,000  from  the  Egyptian  Government 
Mr.  Stanley  returned  from  America  to  England  in  the  end  of  Decem- 
ber ;  by  the  end  of  January  be  bad  made  all  his  preparations,  selectia? 
9  men  as  liis  staff,  including  3  Guglish  officers  and  2  surgeons,  anil 
was  on   his  way  to  Zanzibar,  which  was  reached  ou   Febrnu'y  21. 
On  the  25th  the  expedition  was  on  board  the  Mcidura,  bound  for  the 
mouth  of  the  Congo,  by  way  of  the  Cape;  9  European  officers,  Si 
Sudanese,  13  Somalia,  3  interpreters,  620  Zaozibaris,  the  famoos  Arab 
slaver  and  merohant,  Tippn  Tip,  aud  407  of  his  people.    The  month  at 
the  Congo  was  reached  on  March  18;  there  the  expedicion  was  trans 
shipped  into  small  vessels  and  landed  at  Uatadi,  the  limit  of  navig»-  ; 
tiou  on  the  lower  river.    From  Matadi  there  was  a  march  of  200  miles,  , 
I>ast  the  cataracts,  to  Stanley  Pool,  where  the  navigation  was  reaamed.  ; 
The  troubles  of  the  expeditiou  began  on  the  Congo  itself.    The  ques- 
tion of  routes  was  much  discussed  at  the  time  of  organizing  the  ! 
expedition,  the  two  that  found  most  favorbeingthatfrom  the  east  coast ' 
through  Masai  land  and  round  by  the  north  of  Uganda,  and  ^at  bf  \ 
the  Congo.    Into  the  comparative  merits  of  these  two  routes  we  shall ; 
not  ent«r  here.    For  reasons  which  were  satisfactory  to  himself— and 
no  one  knows  Africa  better — Mr.  Stanley  selected  the  Congo  ronte, 
though  had  be  foreseen  all  that  he  and  his  men  would  have  to  uodeii^o 
be  might  have  hesitated.     As  it  was,  the  expedition,  which  it  wae 
thought  would  be  back  in  England  by  Christmas,  1S37,  only  reached 
the  coast  in  November,  1889.     But  the  difficulties  no  one  could  have 
foreseen,  the  region  traversed  being  completely  unknown,  and  the 
obstacles  encountered  unprecedeuted  even  iu  Africa.    Nor  whea  the 
gofU  was  reached  was  it  expected  that  mouths  wonld  be  wasted  in  per- 
snading  Emin  and  his  people  to  quit  their  exile.    Not  the  keene«t-«yed 
of  African  explorers  could  have  foreseen  all  this. 

Want  of  safficieut  boat  accommodation  and  a  soaroity  of  food  almost 
amounting  to  famine  hampered  the  expedition  terribly  on  its  w»y  up 
the  Congo.  The  mouth  of  the  Aruwimi,  the  real  starting  jioiut  of  the 
expedition,  some  1,500  miles  from  the  mouth  of  the  Congo,  was  uot 
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reacbed  by  Mr.  Stanley  and  tlie  first  coutiogeut,  till  the  begiDninx  of 
Jane,  1887.  Tbe  dtatauce  from  here  ia  a  straight  line  to  the  nearest 
point  of  tlifi  Albert  Kyauzais  about  450  miles;  thence  it  was  believed 
commnDication  vith  Einin  voald  be  easy,  for  he  had  two  steamers 
available.  But  it  was  possible  that  a  detour  would  have  to  be  made 
towards  the  north  so  as  to  reach  Wadelia  direct,  for  no  one  knew  the 
cDDditious  which  prevailed  iu  the  country  between  the  Arawimi  mouth 
and  the  Albert  Kyanza.  As  it  was  Mr.  Stanley  took  the  course  to  the 
lake  direct,  but  with  many  a  circuit  and  many  au  obstruction  and  at  a 
terrible  sacrifice  of  life.  An  intrenched  camp  was  established  on  a 
bluff  at  Yambnya,  about  60  miles  up  the  left  bauk  of  the  Amwimi. 
Major  Barttelot  was  left  in  charge  of  this,  and  with  bim  Dr.  Bonny, 
Mr.  JamesoD,  Mr.  Itose  Troup,  Mr.  Ward,  and  237  men ;  the  rear  column 
vas  to  follow  as  soon  as  Tippa  Tip  provided  the  contingent  of  dOO 
uatives  which  he  had  solemnly  promised.  Although  the  whole  of  the 
iwn  bad  not  oome  np,  yet  everything  seemed  in  satisfactory  order; 
eiplicit  inatrnotions  were  issued  to  the  officers  of  the  rear  column,  and 
OB  Jaoe  23,  1887,  Mr.  Stanley,  with  a  contingent  consisting  of  389  offi- 
wraattdmen,  set  ont  to  reach  Emin  Pasha.  The  officers  with  him  were 
-Oaptain  Xelson,  Lienteuant  Stairs,  Dr.  Parke,  and  Mr.  Jephson. 

Five  miles  after  leaving  camp  the  difficulties  began.  The  expedition 
was  face  to  face  with  a  dense  forest  of  immense  extent,  choked  with 
lioaby  undergrowth  and  obstracted  by  a  network  of  creepers  through 
which  a  way  bad  often  to  be  cleaved  with  tbe  axes.  Hostile  natives 
barassed  them  day  after  day ;  the  paths  were  studded  with  concealed 
spikes  of  wood ;  tbe  arrows  were  poisoned ;  the  natives  barned  their 
villages  rather  than  have  dealings  with  the  intruders.  Happily  tbe 
river  when  it  was  agxin  struck  afforded  relief,  and  tbe  steel  boat 
proved  of  service,  though  the  weakened  men  found  tbe  portages  past 
the  cataracts  a  great  trial.  It  was  fondly  hoped  that  here  at  least  the 
Arab  slaver  bad  not  i>enetrated ;  but  on  September  16,  200  miles  from 
Vambaya,  making  340  miles  of  actual  travel,  the  slave  camp  of  Uga- 
rowwa  was  reached,  and  here  the  treatment  was  even  worse  than  when 
Bgbtiiig  the  savages  of  the  forest.  The  brutalities  practiced  on  Stan- 
ley's men  cost  many  of  them  their  lives.  A  month  later  the  camp  of 
auotber  Arab  slaver  was  reached,  Kiliuga  Longa,  and  there  the  treat* 
meot  was  no  better.  These  so-called  Arabs,  whose  caravans  consist 
mainly  of  tbe  merciless  Mauyuema,  from  tbe  country  between  Tagan- 
yika  and  Nyaugw^,  bad  laid  Wiiste  a  great  area  of  the  region  to  be 
traversed  by  the  expedltiou,  so  that  betweeu  August  31  and  liTovember 
i'i  every  man  was  famished ;  and  when  at  last  the  land  of  devastation 
"»a  left  behind,  aud  the  native  village  of  Ibwiri  entered,  officers  and 
men  were  reduced  to  skeletons.  Out  of  tbe  389  who  started  only  174 
wtwed  Ibwiri,  the  rest  dead,  or  missing,  or  left  behind,  unable  to 
move,  at  Ugarowwa'a.    So  weak  was  everytmdy  that  70  tons  of  goods 
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and  tbe  boat  li>ul  to  be  letl  at  Kiliuga  Longa's  with  CaptaiD  NcJsoa 
aud  SurgeoD  Parke. 

A  halt  of  1^  days  ar,  Ibwiri,  witb  its  plenty  of  fowls,  banan&s,  com, 
yams,  beans,  restored  everybody;  and  173  sieek  and  robnst  men  set 
out  for  tUe  Albert  Nyanza  od  November  24.  A  week  later  the  gloomy 
and  dreaded  forest  suddenly  ende<l;  the  ojien  country  was  reached; 
the  light  of  day  was  unobstructed ;  it  was  an  emergence  from  darkneea 
to  light.  But  the  difiBculties  were  not  over ;  some  tittle  fighting  with 
tbe  natives  on  the  popnious  plateau  was  necessary  before  tiie  lake  codM 
be  reached.  On  tbe  I2tb,  the  edge  of  tbe  long  slope  from  the  Congo  to 
Lake  Albert  was  attained,  and  suddenly  tbe  eyes  of  all  were  gladdened 
by  tbe  sight  of  the  lake  lying  some  .3,000  feet  almost  sheer  below.  The 
expedition  itself  stood  at  an  altitude  of  6,200  feet  above  the  sea.  But 
tbe  end  was  not  yet  Duwn  the  expedition  marched  to  tbe  southvest 
coruer  of  tbe  lake,  where  the  Kakongo  natives  were  unfriendly.  No 
Emin  Pasha  had  beeu  beard  of;  there  was  no  sign  even  that  he  knew 
of  Stanley's  coming  or  that  the  messenger  from  Zanzibar  bad  reu^hed 
him.  Tbe  only  boat  of  the  expedition  was  at  Kiliuga  Longa's,  190 
miles  away.  Of  tbe  men  94  were  behind  sick  at  (Jgarowwa's  and  Ki- 
liuga Longa's ;  only  173  were  with  Stanley ;  74  of  tbe  original  341  were 
dead  or  missing;  and,  moreover,  there  was  anxiety  about  the  leaf 
colunji). 

Stanley's  resolution  was  soon  taken.  Moving  to  the  village  of 
Kavalli,  some  distance  up  the  Bt«ep  slope  from  the  lake,  the  party 
beffau  a  uight  march  on  December  16,  and  by  January  7,  they  wet» 
back  at  Ibwiri.  Here  Fort  Bodo,  famous  in  the  records  of  the  expedi- 
tion, was  built.  The  men  were  brought  up  from  the  rear,  and  on  April 
7,  Stanley,  witb  Jephson  and  Parke,  ouce  mote  led  tbe  expeditiou  to 
Lake  Albert,  this  time  with  the  boat  and  fresh  stores.  Meantime 
Stanley  himself  was  on  the  sick  list  for  a  month.  This  time  all  the 
natives  along  the  route  were  friendly  and  even  geneions,  and  on  April 
22,  tbe  expeditiou  reached  the  chief  Kavalli,  who  delivered  to  Stanley  a 
letter  wrappcil  in  American  cloth.  Tbe  note  was  from  Emin  and  stated 
that  he  Lad  heard  rumors  of  Stanley's  presence  in  the  district;  it 
beggeil  Stanley  to  wait  until  Emin  ooutd  commanicate  witb  bim.  The 
boat  was  launched  and  Jephson  set  off  to  find  Emin.  Onthe29tb. 
tbe  Khedive  steamer  came  down  tbe  lake  witb  Emin,  the  Itahao  Casati, 
and  Jephson  on  board.  Tbe  great  object  of  the  expedition  seemed  at 
last  to  be  all  but  fulfilled. 

But  tbe  end  was  not  yet.  There  was  the  party  at  Fort  Bodo ;  there 
were  the  sick  further  back,  witb  whom  Lieutenant  Stairs  had  not  re- 
turned wbeu  Stanley  lelt  the  fort ;  and,  above  all,  there  was  the  reiir 
column  left  at  Yambuya  witb  Major  Barttelot.  It  would  take  some 
time  for  Emin  to  bring  down  all  bis  people  from  Wadelai  aud  other 
statious.  So  after  spending  over  3  weeks  with  the  vacillating  Emiu, 
Stanley,  ou  May  25,  was  once  more  ou  the  march  back  to  Fort  Bodo 
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to  brio;  ap  all  hands.  He  left;  Jepbeon,  3  Sudanese,  and  2  Zaozibaris 
vith  Bmin,  who  gave  him  102  natives  as  porterB,  and  3  irregalars  to 
aecompuiy  him  back.  Fort  Bodo  was  reached  on  June  8,  and  was 
foand  in  a  doanshiog  state,  sarroanded  by  acres  of  coltivated  fields. 
Bat  of  the  56  men  left  at  Ugarowwa's  only  16  were  alive  for  Lieut- 
eoaat  Stairs  to  bring:  to  Fort  Bodo.  As  there  was  uo  sign  of  the 
rear  oolnmo  nor  of  the  20  messengers  sent  off  in  March  with  letters  for 
Uiyor  Barttelot,  Stanley  felt  bound  to  retrace  his  steps  throagh  the 
terrible  forest.  This  timebevas  better  provisioned,  and  his  people 
(212)  reaped  the  horrors  of  the  wilderness. 

Fort  Bodo  was  left  on  June  16,  Stanley  letting  all  his  white  com- 
piuifons  remain  behind.  Ugarowwa's  camp  was  deserted,  and  he  him- 
self, with  a  flotilla  of  fifty-seven  canoes,  was  overtaken  far  down  the 
river  on  Angast  10,  and  with  him,  17  of  the  carriers  sent  off  to  Major 
Barttelot  in  March ;  3  of  their  number  had  been  killed.  On  the  17th 
the  rear  colnmn  was  met  with  at  Bonalya,  80  miles  above  Yambuyii, 
and  then  for  the  first  time  Stanley  learned  of  the  terrible  disaster  that 
bad  befallen  it — Barttelot  shot  by  the  Mauyaema;  Jameson  gone 
down  the  Oottgo  (only  to  die) ;  Wardaway:  and  Troupiuvalided  home. 
Xoone  but  Dr.  Bonny;  of  the  267  men  only  72  remaining,  and  of  these 
only  52  fit  for  service.  No  wonder  Mr.  Stanley  felt  too  sick  to  write 
tbe  details ;  and  antil  we  have  the  whole  of  the  evidence  it  would  be 
nn^r  to  pronoance  judgment.  One  thing  we  may  say ;  weknow,  from 
Mr.  Werner's  recently  published  "  Biver  Life  on  tbe  Congo,"  that 
before  Major  Barttelot  left  Yambaya  to  follow  Stanley  it  was  known 
to  Hr.  Werner,  to  more  than  one  Belgian  officer,  to  several  natives, 
and  to  tbe  Many  uema  people  with  Barttelot,  that  instructions  had  been 
(riven  by  Tippa  Tip  to  these  last  to  shoot  Major  Barttelot  if  he  did  not 
Crest  them  well.  Tet  no  one  cared  to  warn  tbe  Major  and  he  was 
allowed  to  depart  to  his  almost  certain  fate.  The  thing  is  too  sicken- 
ing to  dwell  npOD.  It  was  at  this  stage  that  Stanley  sent  borne  bis 
first  letters,  which  reached  England  on  April  1, 1889,  20  months  after 
bestarted  from  the  Arawimi,  and  over  2  years  aft«r  he  left  England.  The 
feliefwas  intense;  all  sorts  of  sinister  rumors  had  been  floated,  and 
flMMt  people  had  given  up  the  expedition  for  lost. 

Once  more  back  throogb  tbe  weary  forest,  with  the  expedition  re- 
<^aalz«d.  A  new  route  was  taken  to  the  north  of  the  river  throngb  a 
Hgion  devasted  by  tbe  Arab  slavers ;  and  here  tbe  expedition  came 
Mar  to  starvation,  but  once  more  Fort  Bodo  was  reached,  on  Decem- 
ber 20.  Here  things  were  practically  as  Stanley  had  left  them ;  tbei'e 
was  no  sign  of  Emin,  tboagb  he  had  promised  to  come  to  the  fort. 
Tbe  combined  expedition  marched  ouwards,  and  Mr.  Stanley,  pushing 
•o  with  a  contiugeat,  reached  the  lake  for  the  third  time,  on  January 
I8y  only  to  learn  that  Emin  and  Jephson  had  been  made  prisoners  by 
Bmin's  own  men ;  the  Mahdists  had  attacked  the  station  and  created 
apanicandall  was  disorganization  and  vacillation.     At  last,  however, 
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the  chief  actom  in  this  stranffe  drama  vere  together  again;  and  Hi. 
Stanley's  accouat  of  Emin'a  nastable  purpose,  the  long  argnmeati 
with  the  Pasha  to  persuade  him  to  come  to  a  decision ;  the  ingiatitiide 
and  tresch»y  of  the  Egyptians,  the  gatberioK  of  the  people  and  their 
bordeoaoine  goods  and  chattels  preparatory  to  quitting  the  lake  -  these 
and  many  other  details  are  fresh  in  our  memories  from  Stanley's  own 
letters.  Bnt  the  main  purpose  of  the  expedition  was  accomplished,  at 
however  terrible  a  cost,  and  however  disappoiotiDg  it  was  to  find  that 
after  all  Emin  was  reluctant  to  be  "  rescaed."  When  the  start  was 
madeA-om  Kavalli's  on  April  10  last,  1,500  people  in  all  were  mastered' 
Ad  almost  mortal  illness  laid  Stanley  low  for  a  month  shortly  after  Ihe 
start,  and  it  was  May  8  before  the  Irnge  caravan  was  fairly  under  way. 
Some  fighting  had  to  be  done  with  raiders  from  Unyoro,  bat  on  tbe 
whole  the  homeward  march  was  comparatively  free  from  trouble,  u>d 
full  of  interest;  and  on  December  6  Mr.  Stanley  once  more  entered 
Zanzibar,  which  be  had  left  2  years  and  10  months  before.  Suchbried; 
are  some  of  the  incidents  of  tbe  rescue  expedition;  let  us  nowasbri^; 
sum  up  the  geographical  results. 

When  Stanley  left  for  Africa,  in  January,  1887,  there  remained  ooe 
of  the  great  problems  of  Africati  hydrography  still  nnsolvetl — what  U 
known  as  tbe  problem  of  the  Well^.  Sohweinfurth  and  Jnnker  had 
come  opoQ  a  river  at  some  points  which  seemed  to  rise  in  tbe  oeighbar- 
hood  of  the  Albert  Nyanza,  and  appeared  to  flow  in  a  northwest  diree- 
tion.  The  favorite  theory  at  tbe  time  was  that  the  river  Well^  was 
really  the  upper  course  of  the  Shari,  which  runs  into  Lake  Chad  fai 
away  to  the  northwest  But  as  the  Congo  and  its  great  feeders  on  tbe 
north,  and  tbe  lie  of  the  land  in  that  direction,  became  known,  it  began 
to  be  conjectured  that  after  all  the  Well^  might  send  its  waters  toswell 
the  mighty  volume  of  tbe  great  river.  Stanley,  I  know,  hoped  tbal, 
among  other  geographical  work,  he  might  be  able  to  throw  some  light 
on  the  course  of  this  puzzling  river.  But,  as  we  see  now,  the  cares  and 
troubles  that  fell  u|>ou  him  prevented  liim  going  much  out  of  the  way  to 
do  geographical  work.  While,  however.  Stanley  was  cleaving  hia  way 
through  the  tangled  forest,  Lieateuaut  Van  G^le,  one  of  the  Free  State 
officers,  proved  conclusively  that  the  Well6  was  really  the  upper  covise 
of  the  Mobangi,  one  of  the  largest  northern  tributaries  of  the  Conga 
But  another  kindred  problem  Stanley  was  able  to  solve.  Before  ht> 
journey  tbe  month  of  the  river  Aruwimi  was  known ;  the  great  naval 
battle  which  be  fought  there  on  his  first  descent  of  tbe  river  is  one  of 
the  most  striking  of  the  many  striking  pictures  in  the  narrative  of  that 
famous  journey.  But  beyond  Yambuya  its  course  was  a  blank,  lbs 
river,  under  various  names,  "  Ituri"  being  tbe  best  known,  led  bim 
almost  to  tbe  brink  of  the  Albert  Nyanza.  One  of  its  upper  conbihu- 
tories  is  only  10  minutes'  walk  from  tbe  brink  of  the  escarpment  that 
looks  down  upon  the  lake.  With  many  rapids,  it  is  for  a  great  part  of 
its  course  over  500  yards  wide,  with  groups  of  islands  here  and  there. 
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For  a  cooaiderftble  stretch  it  ia  navigable,  and  Its  entire  length,  taking 
all  iUnindingsintoacoonnt,  from  its  Boarceto  the  Congo,  is  800  miles. 
Use  of  its  tribataries  tarns  out  to  be  another  liver  vbich  Janker  met 
fartker  north,  and  whose  destination  was  a  pazzle. — The  Nepoko. 

Hids  this  expedition  has  enabled  us  to  form  clearer  notions  of  the 
hydrography  of  this  remarkable  region  of  rivers.  We  see  that  the 
sooTceBof  the  Congo  and  the  Nile  lie  almost  nithin  a  few  yards  of  each 
oUier.  Indeed,  so  difficult  is  it  to  determine  to  which  river  the  TsrioQS 
■atera  iu  this  region  send  their  tribute  that  Mr.  Stanley  himself,  in  bis 
Hnt  letter,  wasconttdent  that  the  soatbern  Lake  Albert  belonged  to  the 
Congo  and  not  to  the  Bile  system.  It  was  only  actual  iH(i[>ectiou  that 
convinced  him  be  was  mtstaken.  How  it  is  that  tbe  Ituri  or  the 
Aniwimi  and  other  rivers  in  Ibe  same  region  are  attracted  to  the  Congo 
and  not  to  the  Nile  is  easily  seen  from  Hr.  Stanley's  graphic  descrip- 
tion nf  the  lay  of  the  country  between  tbe  C-ongo  and  the  Albert  Nyansa. 
It  is,  be  says,  like  tbe  glacis  of  a  fort,  some  35U  miles  long,  sloping 
f!Tidnftlly  np  from  tbe  margin  of  tbe  Congo  (Itself  at  tbe  Aruwlmi 
moath  1,400  feet  above  the  sea),  nutil  ten  miles  beyond  one  of  the 
Itari  feeders  it  reaches  a  height  of  5,300  feet  to  descend  almost  pei^ 
peodiculaily  2,900  feet  to  t)ie  surface  of  the  lake,  which  forms  tbe  great 
western  reservoir  of  tbe  Nile. 

Bat  when  tbe  term  "glacis"  is  used,  it  must  not  be  iuferred  tbat  tbe 
Hceotfrom  the  Congo  to  Lake  Albert  is  smooth  and  unobstructed. 
The  fact  is  that  Mr.  Stanley  found  himself  involved  in  tbe  northern 
section  of  what  is  probably  the  most  extensive  and  densest  forest  region 
ID  Africa.  Livingstone  spent  many  a  wear;  day  trndging  its  gloomy, 
reeesses  away  south  at  Nyangw^  on  tbe  Lnalaba.  It  stretclies  tor  many 
niles  north  to  tbe  Monbuttn  country.  Stanley  entered  it  at  Yambuya, 
and  tunnelled  his  way  through  it  to  within  50  miles  of  the  Albert 
N^aaia,  when  it  nil  of  a  sudden  ceased  and  gave  way  to  grassy  plains 
and  tbe  nuobstructed  light  of  day.  How  far  west  it  may  extend  be- 
jood  tbe  Amwimi  he  can  not  say ;  but  it  was  probably  another  section 
of  this  same  forest  region  tbat  Mr.  Pan!  dn  Chailln  struck  some  30 
jeira  ago,  when  gorilla  hunting  in  tbe  Oat>oou.  Mr.  Stanley  estimates 
the  area  of  this  great  forest  region  at  about  300,000  square  miles,  which 
a  notts  likely  to  be  under  than  over  the  mark.  The  typical  African 
format,  as  Mr.  Drummond  shows  iu  bis  charming  book  on  "Tropical 
Africa,"  is  not  of  the  kind  found  on  the  Amwimi,  which  is  mnoh  mor« 
South  American  than  African.  Not  even  in  tbe  "great  sponge,"  from 
*hich  the  Zambesi  and  the  Congo  draw  their  remote  supplies,  do  we 
Met  with  such  impenetrable  density.  Trees  scattered  about  as  in  an 
Koflish  park  in  small  open  clumps  form,  as  a  rale,  the  type  of  "  forest" 
mnmou  in  Africa.  The  phy^cal  causes  which  led  to  the  dense  packing 
of  trees  over  the  immense  area  between  the  Congo  and  the  Nile  Lakes 
will  form  an  interesting  investigation.  Mr.  Stanley's  description  of  the 
KRat  fneet  region,  in  his  letter  to  Mr.  Bruce,  is  well  worth  quoting: 
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"Take  a  tbick  Scottish  copse, dripping^ttti  rain.  Imagine  tbis copse 
to  be  a  mere  oodergrowth,  noarished  ander  the  impenetrable  shade  of 
ancient  treeft,  ranging  from  100  to  ISO  feet  high;  briars  and  thorns 
abnndant;  lazy  creeks,  meandering  tbrongb  the  depths  of  tjie  jangle, 
and  sometimes  a  deep  afBnent  of  a  great  rivor.  Imagine  this  forest 
and  jnngte  in  all  stipes  of  decay  aod  growth — old  trees  foiling,  leaniug 
penloasly  over,  fallen  prostrate;  ants  and  insects  of  all  kinds,  sites, 
and  colors  mnrmaring  around;  monkeys  aod  chimpanzees  above,  qaeet 
noises  of  birds  and  animals,  crashes  in  the  iangle  as  troops  of  elephants 
rash  away;  dwarfs  with  poisoned  arrows  secnrely  bidden  behind  some 
bottress  or  in  some  dark  recess;  strong  brown-bodied  aborigines  with 
terribly  sharp  spears  standing  poised,  still  as  dead  stamps;  rain  pat- 
tering down  on  yoa  every  other  day  in  the  year;  an  impure  atmo^here 
with  its  dread  conseqnenues,  fever  and  dysentery;  gloom  throuf^ont 
the  day,  and  darkness  almost  palpable  throughont  the  night,  and  then 
if  you  will  imagine  such  a  forest  extending  the  entire  distance  from 
Plymouth  to  Peterhead,  you  will  have  a  fair  idea  of  some  of  the  incon- 
Tfluience  endured  by  as  from  June  28  to  December  5,  1887,  uid  from 
June  1,  1888,  to  the  present  date,  to  continue  again  ftvm  the  present 
date  till  about  December  10, 1838,  when  I  hope  to  say  a  last  farewdl 
to  the  Congo  forest." 

Mr.  Stanley  tries  to  acconat  for  this  great  forest  rogion  by  the  abuod- 
ance  of  moisture  carried  over  the  continent  from  the  wide  Atlantic  by 
the  winds  which  blow  landward  through  a  great  part  of  the  year;  bat 
it  is  to  be  feared  the  remarkable  phenomenon  is  not  to  be  accounted  for 
in  so  easy  away.  Investigation  may  prove  that  the  rain  of  the  rainiest 
region  in  Africa  comes  not  from  the  Atlantic,  but  the  Indian  Ocean, 
with  its  moisture  laden  monsoons;  and  so  we  shoald  have  here  a  case 
analogous  to  that  which  occnrs  id  South  America,  the  forests  of  wbidi 
resemble  in  many  features  those  of  the  region  throagb  which  Ur.  Stanley 
has  passed. 

But  the  forest  itself  is  not  more  intereattog  than  its  human  deoisens- 
The  banks  of  the  river  in  many  i>laces  are  stndded  with  large  villages, 
some,  at  least,  of  the  native  tribes  being  cannibals.  We  are  here  on  the 
northern  border  of  the  trae  negro  peoples,  so  that  when  the  subject  is 
investigated  the  Arawimi  savages  may  be  found  to  be  mnob  mixed. 
But  unless  Eurot)e  promptly  intervenes,  there  will  shortly  be  few  people 
left  in  these  forests  to  investigate.  Mr.  Stanley  came  upon  two  slave- 
bunting  parties,  both  of  them  manned  by  the  merciless  people  of  Man- 
yaema.  Already  great  tracts  have  been  turned  into  a  wilderness,  aod 
tbousaods  of  the  natives  driven  from  their  homes.  From  the  ethnolo- 
gist's point  of  view  the  mostiuterestinginbabitantsof  the  Arawimi  for- 
ests are  the  hostile  and  cunniagdwarfs,  or  rather  pigmies,  who  caused 
the  expiditiou  so  much  trouble.  So  doubt  they  are  the  same  as  the 
MonbuttQ  pigmies  found  farther  north,  and  rsaentialy  similu*  to  the 
pigmy  population  found  scattered  all  over  Africa,  from  the  Zambesi  to 
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Uie  Nile,  and  from  the  GabooD  to  the  east  coast.  Mr.  Du  Oliaillu  fonnd 
them  ID  the  forests  of  th»  westSO  yeara  ago,  aod  away  sonth  on  the  great 
Sarikuni  tribatary  of  the  Oougo  Major  WisBman  and  his  fellow  explo- 
rers met  them  within  the  past  few  years.  They  seem  to  be  the  rem- 
nants of  a  primitive  population  rather  than  the  stunted  examples  of  the 
normal  negro.  Aroood  the  villages  in  the  forest  wherever  clearingfi 
had  been  made  the  gronnd  was  of  the  richest  character,  growiog  croiw 
of  all  kinds.  Mr.  Stanley  has  alwayti  mnintainedtbat  in  thebigh  lands 
around  the  great  lakes  will  be  fouuil  the  most  favorable  region  for  En- 
ropean  enterprise ;  and  if  in  time  much  of  the  forest  is  cleared  away, 
tbe  country  between  the  Congo  and  Lake  Albert  might  become  the 
granary  of  Africa. 

To  tbe  geographer,  however,  tbe  second  half  of  tbe  expedition's  work 
is  roller  of  interest  than  tbe  first.  Some  canons  problems  bad  to  be 
solved  in  the  lake  region,  problems  that  bad  given  rise  to  mnch  discus- 
sion. When  in  1864  Sir  Samuel  Baker  stood  on  tbe  lofty  escarpment 
^at  looks  down  on  tbe  east  shore  of  the  Albert  Nyauza,  at  Vacovia, 
the  lake  seemed  to  him  to  stretch  inimitably  to  the  south,  so  that  for 
long  it  appeared  on  our  maps  as  extending  beyond  1  degree  south  lat- 
itude. When  Stanley,  many  years  later,  on  bis  first  great  expedition, 
after  orossing  from  TTganda,  came  npon  a  great  tay  of  water,  be 
was  natnrally  inclined  to  think  that  it  was  a  part  of  Baker's  lake,  and 
called  it  Beatrice  Gnlf.  But  Gessi  and  Mason,  members  of  Gordon 
Paaba's  staff,  circumnavigated  the  lake  later  on  and  found  that  it  ended 
moretfaan  adegree  oortfa  of  tbeequator.  So  when  Stanley  published 
bis  nurative  he  made  his  "Beatrice  Gulf"  aseparate  lake  lying  to  the 
•ontfaof  the  Albert  Nyanza.  Mr.  Stanley  saw  only  a  small  portion  of 
tiie  southern  lake,  Muta  Nzig«^,  but  in  time  it  expanded  and  expanded  on 
our  maps  until  there  seemed  some  danger  of  its  being  joined  on  to  Lake 
Tanganyika.  Emiu  himself,  during  his  12  years'  stay  in  the  Sudan,  did 
umetbiog  towards  eiploring  tbe  Albert  Nyanza,  and  found  that  its 
southern  shore  was  fast  advancing  northward,  partly  owing  to  sediment 
brought  down  by  ariver,  and  partly  due  to  tbe  wearing  away  of  the  rocky 
bed  of  the  Upper  Nile,  by  which  much  water  escaped  and  the  level  of 
&»  lake  subsided.  Thus,  when  Baker  stood  on  the  shore  of  the  lake 
hi  1864,  it  may  well  have  extended  many  miles  farther  south  than  it 
does  now.  But  where  did  the  river  come  from  that  Mason  and  Emiu 
nw  raaning  into  tbe  lake  from  the  south  1  As  was  pointed  out  above, 
Btanley  at  first  thought  it  could  not  come  from  bis  own  lake  to  the 
■ntb,  which  be  believed  must  send  its  waters  to  the  Congo.  Bnt  all 
controversy  has  now  been  ended.  During  the  famous  exodus  of  the 
1^00  from  Kavilli  to  the  coast,  the  intensely  interesting  country  lying 
betweeo  the  northern  lake,  Albert,  and  the  southern  lake,  now  named 
Albert  Edward,  was  traversed.  Great  white,  g^rassy  plains  stretch  away 
aouth  from  the  shores  of  Lake  Albert,  which  under  tbe  glitter  of  a  trop- 
ical san  might  well  be  mistaken  for  water ;  evidently  they  had  been 
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under  water  at  quite  a  recent  period.  Bat  sood  the  coautry  begins  to 
rise,  and  roand  the  base  of  a  great  monntain  boss  the  river  Semliki 
winds  its  way  through  its  valley,  receiving  tbrongh  the  pietoreeqae 
glenfl  many  streatus  of  water  from  the  snows  that  clothe  the  moun- 
tain tops.  Here  we  have  a  splendid  conntry,  unfortunately  harassed 
by  the  raids  of  the  Wanyoro,  in  dread  of  whom  the  simple  natives  of 
the  mountain  side  often  creep  up  to  near  the  limit  of  snow.  Cp  the 
mountain,  which  Lieutenant  Stairs  ascended  for  over  10,000  feet, 
blackberries,  bilberries,  violets,  heaths,  lichens,  and  trees  that  might 
have  reminded  him  of  England  flourish  abundantly.  Here  eWdently  we 
have  a  region  that  might  well  harbor  a  European  population.  The 
monntain  itself,  Ruwenzori,  a  great  boss  with  numerous  spurs,  is  qnile 
evidently  ati  extinct  volcano,  rising  to  something  like  19,000  feet,  antl 
reminding  one  of  Kilimanjaro,  farther  to  the  east.  It  is  not  yet  clear 
whether  it  is  the  same  mountain  as  the  Gordon  Bennett  seen  by  Stan- 
ley in  his  former  expedition,  though  the  probability  is  tbat,  if  distinct, 
they  belong  to  the  same  group  or  mass.  Apart  f^om  the  mountain  the 
country  gradually  ascends  as  the  Semliki  is  traced  up  to  ite  origin  in 
Lake  Albert  Edward.  Mr.  Stanley  found  that,  after  all,  the  aonthem 
Nyanza  belongs  to  the  great  Nile  system,  giving  origin  to  the  farthest 
southwest  source  of  Egypt's  wonderful  river,  which  we  know  receives! 
tribute  from  the  snows  of  the  equator. 

The  southern  lake  itself  is  of  comparatively  small  dimensions,  prob- 
ably not  more  than  45  miles  long,  and  is  900  feet  above  the  iiorthmi 
Lake  Albert.  Mr.  Stanley  only  skirted  its  west,  north,  and  east  shoree, 
so  tbat  probably  he  has  not  been  able  to  obtain  complete  data  as  to 
size  and  shape.  But  he  has  solved  one  of  the  few  remaining  gceat 
problems  in  African  geography.  The  two  lakes  lie  in  a  trough,  the 
sides  of  which  rise  steeply  in  places  3,000  feet,  to  the  great  platemus 
that  extend  away  east  and  west.  This  trough,  from  the  north  end  of 
Lake  Albert  to  the  south  end  of  Lake  Albert  Edward,  is  some  260 
statute  miles  in  length.  About  190  miles  of  this  is  occupie<l  by  the 
former  lake,  4ii  by  the  latter,  and  t)ie  rest  by  the  country  between, 
where  the  trough,  if  we  may  indulge  in  au  Irishism,  t>ecome8  partly  a 
plain,  and  partly  a  great  mountain  mass.  But  this  trough,  or  fissnre, 
a  glance  at  a  good  map  will  show,  is  continued  more  or  less  south  and 
southeast  in  Lnkes  Tanganyika  aud  Xayassa,  which  are  essentially  of 
the  same  character  as  Lakes  Albert  aud  Albert  Edward,  and  totally 
different  from  such  lakes  as  Victoria  Nyanza  and  Bangweolo.  H«e 
we  have  a  feature  of  the  greatest  geographical  interest,  which  still  has 
to  be  worked  out  as  to  its  origin. 

There  is  little  more  to  say  as  to  the  geographical  results  of  the  Etoia 
Pasha  relief  expedition.  There  are  many  minute  details  of  great 
interest,  which  the  reader  may  see  for  himself  in  Mr.  Stanley's  letters, 
or  in  his  forthcoming  detailed  narrative.  In  bis  own  characteristic  way 
be  tells  of  the  tribes  and  peoples  around  the  lakes^and  between  the 
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lakes  and  tbe  coast;  and  it  was  left  for  bim  on  hia  way  borne  to  dts- 
corer  a  great  soutbwest  exteuaiou  of  Victoria  Nyanza,  which  brings 
that  lake  witbin  150  miles  of  Lake  Tanganyika.  Tbe  resnlts  wbicb 
have  been  achieved  have  been  achieved  at  a  great  aacridce  of  life  and 
of  Hnffering  to  all  concerned ;  bat  no  one,  I  am  sore,  will  wish  that  tbe 
work  bad  been  lelt  andone.  The  few  great  geographical  problems  iu 
Africa  that  Livingstone  bad  to  leave  antoucbed,  Stanley  has  solved. 
Little  remains  for  himself  and  others  in  tbe  fntare  beyond  tbe  filling  in 
of  details;  bat  these  are  all-important,  and  will  keep  tbe  great  army 
of  explorers  bnsy  for  many  years,  if  not  for  generations. 
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By  G.  S.  Griffiths. 


Hy  experience  during  tlie  four  years  wfaicU  bare  elapsed  Bince  this 
nroject  was  first  moot«d  iu  Melbourne  is  tbat  any  reference  to  tbe  sub- 
ject is  sore  to  be  met  with  tbe  query  Cui  bonoT  What  good  can  it  dot 
What  benefit  can  come  from  iti  What  in  the  object  to  be  served  by 
such  an  expeditionT 

In  setting  myself  to  the  task  of  answering  these  questions  let  me 
observe  that  it  would  indeed  be  strange  if  an  unexplored  region 
'^,000,000  square  miles  in  area — twice  the  size  of  Europe — and  grouped 
iTonod  tbe  axis  of  rotation  and  the  magnetic  pole  coold  fail  to  yield 
to  investigators  some  novel  and  valuable  information.  But  when  we 
notice  tbat  the  circle  is  engirdled  without  by  peculiar  physical  condi- 
tions wbicb  must  be  correlated  to  special  physical  conditions  within, 
speculation  is  exchanged  for  a  confident  belief  tbat  an  adeqaat«  reward 
ainst  await  the  skilled  explorer.  The  expected  additions  to  the  geog- 
raphy of  the  region  are,  of  all  the  knowledge  that  is  to  be  sought  for 
tliere,  the  least  valuable.  Where  so  many  of  the  physical  features  of 
tiie  country — tbe  hills,  the  valleys,  and  the  drainage  lines — have  been 
buried  beneath  the  snow  of  ages,  a  naked  outliue,  a  bare  skeleton  of  a 
aiap,  la  tbe  utmost  tbat  can  be  delineated.  Still,  even  such  knowledge 
u  this  has  a  distinct  value,  and  as  it  can  be  acquired  by  the  explorers 
38  they  protieed  about  their  more  important  researches,  its  relatively 
mall  value  ought  not  to  be  admitted  as  a  complete  objection  to  any 
enterprise  which  has  other  objects  of  importance.  Our  present  acquaint- 
uce  with  the  geography  of  the  region  is  excessively  limited.  Ross 
jmt  viewed  the  coasts  of  Victoria  Land  between  103°  E.  and  160°  W. 
longitude;  he  trod  its  barren  strand  twice,  but  on  each  occasion  for  a 
few  miunCes  ouly.  From  the  adjacent  gulf  he  measured  the  heights  of 
its  volcauoi^H,  and  from  its  ofBng  he  sketched  the  walls  of  its  icy  barrier. 
Wilkes  traced  on  our  map  a  shore  line  from  97°  E.  to  1G7°  B.  longitude, 
and  be  backed  it  up  with  a  range  of  mountains,  but  be  landed  nowhere. 
Sabseqaeotly  Boss  sailed  over  tbe  site  assigned  to  part  of  this  land, 

*Aii  MldrcBB  on  "Tbe  Objects  of  AntnTctic  Explorattno,''  ifeliveretl  at  tbeKDnnal 
mmUdk  of  tbe  BsQkera'  Institate  of  Australia,  at  Mclbonrne,  oii  Weiln^Hlsy,  August 
S7.     (Proiu  Sattrt,  Octuber  IC,  IftSO,  vi>l,  xui,  pp.  B01-6(M.)  ,  -  ,   . 
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and  hove  bis  lead  600  fathoms  deep  where  Wilkes  had  drawa  a  auKui- 
tain.  He  tells  us  that  the  weather  was  ao  very  clear  that  bad  bigb 
laad  been  within  70  miles  of  that  position  he  mnst  have  seen  it  ("  Boss's 
Voyage,"  1278).  More  recently  74'area,  in  the  CkallcHger,  tested  another 
part  of  Wilkes's  coast  line,  and  with  a  like  result;  and  these  cirenm- 
stancea  throw  donbts  upon  the  value  of  bis  reported  discoveries. 
D'Urville  subsequently  followed  a  bold  shore  for  a  distance  of  about 
300  miles  from  136°  E.  to  142°  E.  longitude  ■,  whilst  iu  67°  S.  latitude, 
and  between  45°  E.  and  60^  K.  longitude,  are  Enderby's  and  Eemi^s 
landn.  Again,  there  is  land  t«  the  south  of  the  Horn  which  treoda 
from  i5°  to  76°  S.  latitude.  These  few  discoutinuous  coast  lines  com- 
prise all  oar  scanty  knowledge  of  the  Antarctic  land.  It  will  be  seen 
from  these  facts  that  the  principal  geographical  problem  awaiting  sola- 
tion  in  these  regions  is  the  interconnection  of  these  scattered  shores. 
The  question  is,  do  they  constitute  parts  of  a  continent,  or  are  they, 
likethecoastsof  Greenland,  portions  of  an  archipelago,  smothered  under 
au  overload  of  frozen  snow,  which  conceals  their  insnlarityT  Kohs 
inclined  to  the  latter  view,  and  he  believed  that  a  wide  channel  leading 
towards  the  Pole  existed  between  North  Gape  and  the  Balleny  Islands 
("Koss's  Voyage,"  1221).  This  view  was  also  held  by  the  late  Sir 
Wy  ville  Thomson.  A  series  of  careful  observations  upon  the  local  cnr- 
rents  might,  throw  some  light  upon  these  questions.  Ross  notes  seven! 
such  iu  his  log.  OfT  Possession  Island  a  current,  running  southward, 
took  the  ships  to  windward  (ibi^.,  1195).  Off  Coulman  Island  another 
drifted  them  in  the  same  direction  at  the  rate  of  18  miles  a  day  (ibii^ 
1201).  A  three-qnarter  knot  northerly  current  was  felt  off  the  barrier, 
and  may  have  issued  from  beneath  some  part  of  it.  Such  isolated 
observations  are  of  little  value,  but  they  were  multiplied,  and  were  the 
currents  correlated  with  the  winds  experienced  the  information  thoa 
obtained  might  enable  us  to  detect  the  existence  of  straits,  eveu  when 
the  channels  themselves  are  masked  by  ice  barriers. 

Finally,  it  is  calculated  that  the  center  of  the  polar  ice-cap  most  be  3 
miles,  aud  may  be  12  miles  deep,  and  that  the  material  of  this  in 
mountain  being  viscous,  its  base  must  spread  out  under  the  cmsbiB^ 
pressure  of  the  weight  of  its  center.  The  extrusive  movement  thus 
set  up  is  supposed  to  thrnst  the  ice  clifi's  ofiF  the  land  at  the  rate  of  s 
quarter  of  »  mile  per  aunum.  These  are  some  of  the  geographical 
questions  which  await  settlement. 

Iu  the  geology  of  this  region  we  have  another  subject  replete  witfc 
interest.  The  lofty  volcanoes  of  Victoria  Land  mnst  present  pecnliat 
features.  Nowhere  else  do  fire  aud  frost  divide  the  sway  so  ooa- 
pletely.  Boss  saw  Erebus  belchiug  out  lava  and  ashes  over  the  snow 
and  ice  which  coated  its  flanks.  This  circnmstance  leads  us  to  specor 
late  on  the  strata  that  would  result  from  the  alternate  fall  of  snow  sod 
ashes  during  long  periods  and  uuder  a  low  temperature.  VoIcwkm 
are  built  op,  as  contra-distinguished  from  other  mountains,  which  resdt 
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from  elevatioo  or  erosion.  They  coosist  of  debris  piled  ronnd  s  vent 
Lava  ftDd  ashes  sqitouikI  the  crater  in  alternate  layers.  Bat  in  this 
polu  region  tbe  snow-fall  most  be  taken  inte  account  as  well  as  the 
aah  deposit  and  the  lara  fiow.  It  may  be  thought  that  any  volcanic 
ejecta  would  speedily  melt  the  anow  upon  which  they  fell,  but  this  does 
Dot  by  any  means  necessarily  follow.  Volcanic  ash,  the  most  wide-Bpread 
and  most  abnndantmaterial  tyected,  falls  comparatively  cold,  cakes,  and 
tbeo  forms  one  of  the  most  eB'ective  nonconductors  known.  When 
snch  a  layer  a  few  inches  thick  is  spread  over  snow  even  molten  lava 
nay  flow  over  it  without  melting  tbe  snow  beneath.  This  may  seem 
to  be  incredible,  but  it  has  been  observed  to  occur.  In  1828  Lyell  aaw 
OQ  the  flanks  of  Etna  a  glacier  sealed  up  ander  a  crust  of  lavs.  Now, 
tbe  Antarctic  is  the  region  of  thick-ribbed  ice.  All  exposed  surfaces 
are  gnickly  covered  with  snow.  Snow-falls,  fish-falls,  and  lava-flows 
unst  have  been  heaping  themselves  op  arouud  tbe  craters  dnring 
QukuowQ  ages.  What  has  been  the  result  1  Has  tbe  viscosity  of  the 
ice  been  modified  by  the  intercalation  of  beds  of  rigid  lava  and  of 
bard-set  ash  T  Does  the  growing  mass  tend  to  pile  up  or  to  settle 
dowD  and  spread  ont  t  Is  the  ice  wasted  by  evaporation,  or  does  the 
»sb  layer  preserve  it  against  this  mode  of  dissipation  T  These  inter- 
eatiag  questions  can  be  studied  round  tbe  South  Pole,  and  perhaps 
Doffhere  else  so  well. 

Auother  question  of  interest,  as  bearing  upon  the  location  of  tbe 
great  Antarctic  continent,  which  it  is  now  certain  existed  in  the  Sec- 
Dodaiy  period  of  geologists,  is  tbe  nature  of  the  rocks  upon  which  tbe 
lovest  of  these  lava  beds  rest.  If  they  can  be  discovered,  and  if  tbey 
Uieo  be  found  to  be  sedimentary  rocks — such  as  slates  and  sandstones, 
or  pJQtonic  rocks — such  as  granite,  tbey  will  at  once  afford  us  some 
d*<A  to  go  upon,  for  the  surface  exposure  of  granite  signifies  that  tbe 
Iwality  has  been  part  of  a  continental  land  ^uificiently  long  for  the 
veatheriog  aod  removal  of  the  many  thousands  of  feet  of  sedimentary 
HMtg  vhich  of  necessity  overlie  crystalliue  rocks  during  their  genesis ; 
■hiUt  the  presence  of  sedimentary  rocks  implies  the  sometime  prox- 
UBitf  of  a  continent  from  the  surfaces  of  which  alone  these  sediments, 
u  rain-wash,  coald  have  been  derived. 

As  ancient  slate  rocka  have  already  been  discovered  in  tbe  ice-clad 
Booth  Georgias,  and  as  the  drag-nets  of  tbe  Erebus  and  tbe  Challenger 
Uve  brought  up  from  the  beds  of  these  icy  seas  fragments  of  sand- 
itoDes,  states,  and  granite,  as  well  as  the  typical  bine  mud  which 
Ovariahly  fringes  continental  land,  there  is  every  reason  to  expect 
tbiit  Bach  strata  will  be  found. 

Wherever  the  state  of  the  snow  will  permit,  tlie  polar  mountains 
•bonld  be  searched  for  basaltic  dikes,  in  tbe  hope  that  masses  of  spec- 
>lu  iron  and  nickel  might  be  found,  similar  to  those  discovered  by 
Sordenskiold,  at  Uvifak,  in  north  Greenlaud.  Tbe  interest  taken  in 
tlKce  metallic  masses  arises  from  tbe  fact  that  tbey  alone,  of  all  tbe 
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rocka  of  the  eartb,  resemble  those  tnasaes  of  extra- teirestiftl  origiii 
which  we  know  as  meteorites.  Such  bodies  of  auoxidized  metal  an 
nokDown  elsewhere  iu  the  mass,  and  why  they  are  peculiar  to  the 
Arctic  it  is  bard  to  say.  Should  similar  masses  be  fouud  within  tbe 
Antarctic,  a  fresh  stimulus  would  be  given  to  speculatiou.  Ueolt^ts 
would  have  to  consider  whether  the  oxidized  strata  of  tbe  eartb'd  crugi 
thiu  out  at  the  poles ;  whether  in  such  a  case  the  thinning  ia  doe  U> 
severe  local  erosion,  or  to  the  protection  against  oxygeu  afforded  to  tlie 
surface  of  the  polar  regions  by  their  ice  caps,  or  to  what  other  canse. 
Snch  discoveries  would  add  something  to  our  knowledge  of  tbe 
materials  of  the  interior  of  oar  globe  and  their  relation  to  those  of 
meteorites. 

Still  looking  for  fresh  knowledge  in  tbe  same  direction,  a  series  of 
pendulum  obaervatious  should  be  taken  at  points  as  near  as  possible 
to  the  pole.  Within  the  Arctic  circle  tbe  pendulum  makes  abontiMU 
more  vibrations  per  day  than  it  does  at  the  eqnator.  Tbe  vibratioDB 
increase  in  number  there  because  tbe  force  of  gravity  at  tbe  earth'd 
surface  is  more  intense  iu  that  area,  and  this  again  is  believed  to  be 
duo  to  the  oblateness  of  that  part  of  tbe  earth's  figure,  but  it  might 
be  caused  by  tbe  bodily  approach  to  tbe  surface  at  the  poles  of  the 
masses  of  dense  ultra-basic  rocks  just  referred  to.  Thus,  pendnlnm 
experiments  may  reveal  to  us  tbe  earth's  figure,  and  a  series  of  sndi 
observations,  recorded  from  such  a  vast  and  untried  area,  must  yield 
important  data  for  the  physicist  to  work  up.  We  should  probably 
learn  from  such  investigations  whether  tbe  earth's  figure  is  as  much 
flattened  at  tbe  Antarctic  as  it  is  known  to  be  at  the  Arctic. 

We  now  know  that  in  tbe  past  tbe  North  Polar  regions  have  enjoyed 
a  temperate  climate  more  than  ouce.  Abuiiilaot  seams  of  Paleoioic 
coal,  large  deposits  of  fossiliferous  Jurassic  rocks,  and  estensive  Eocene 
beds,  containing  the  remains  of  evergreen  aud  deciduous  trees  and 
fiowering  plants,  occur  far  within  tbe  Arctic  circle.  This  circumstauee 
leads  us  to  wonder  whether  tbe  corresponding  southern  latitudes  have 
ever  experienced  similar  cbmatic  vicissitudes.  Conclusive  evidence  on 
th:8  point  it  is  difficult  to  get,  but  com|)eteut  biologists  who  have  ex- 
amined tbe  floras  aud  faunas  of  South  Africa  and  Australia,  of  New 
Zealand,  South  America,  aud  tbe  isolated  islets  of  the  Southern  Oceati, 
find  features  which  absolutely  involve  the  existence  of  an  e^teuMve 
Antarctic  land — a  land  which  must  have  beeu  clothed  with  a  varied 
vegetation,  and  have  been  alive  with  beasts,  birds,  and  insects.  As  it 
also  had  bad  its  fresh-water  fishes,  it  must  have  bad  its  rivers  flowing 
and  not  frost-bound,  and  iu  those  circumstances  we  again  seo  indica- 
tions of  a  modified  Antarctic  climate.  Let  us  briefly  consider  some  of 
the  evidence  for  the  existence  of  this  continent.  We  are  told  by  Pro- 
fessor Uutton,  of  Ohristcburcb,  that  44  per  cent,  of  tbe  New  Zealand 
flora  is  of  Antarctic  origin.  The  Auckland,  Campbell,  aud  Mucqnarie 
Islands  all  aupiKtrt  Antarctic  plants,  some  of  which  appear  never  to 
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have  reached  New  Zealand.  £Tew  Zealand  aud  Sooth  America  have 
tliree flo Verio g  plants  in  common,  also  two  fre»h-water  nshes,  five  sea- 
weeds, three  marine  cmstaceans,  one  marine  mollask,  and  one  marine 
fish.  Similarly  New  Zealand  and  Africa  have  certain  common  forms, 
and  the  floras  and  faunae  of  the  Ker^uelen,  the  Grozets,  aud  the  Marion 
Islands  are  almost  identical,  althoagh  in  each  case  the  islands  are  very 
gmaU,  and  very  isolated  from  each  other  and  from  the  rest  of  the  world. 
TrutaD  d'AcuDba  has  fifty-eight  species  of  marine  Mollusca,  of  wbicti 
namber  thirteen  are  also  fonnd  in  South  America,  six  or  seven  in  New 
Zealaod,  aud  fonr  in  South  Africa  (Hntton's  Origin  of  Neio  Zealand 
Flora  and  Fauna).  Temperate  South  America  baa  seventy-four  genera 
of  plants  in  common  with  New  Zealand,  and  eleven  of  its  species  are 
identical  (Wallaces  Island  Life).  Penguins  of  the  geuos  Eudyptea 
are  coumon  to  South  America  and  Australia  (Wallace,  Diet,  of 
Aninali,  1399).  Three  gronps  of  fresh-water  fishes  are  entirely  con- 
Gaed  to  these  two  regions.  Apbritis,  a  fresh-water  genus,  has  one 
»|)eeiee  io  Tasmania  and  two  in  Patagonia.  Another  small  group  of 
iisbes  known  as  the  Haplochitouidee  inhabit  Tierra  del  Fnego,  the 
Falklands,  and  South  Australia,  and  are  not  found  elsewhere,  while 
the  genus  Galaxias  is  confined  to  South  Temperate  America,  New  Zea- 
land, and  Australia.  Yet  the  lauds  which  have  these  plants  and 
aoimals  in  common  are  so  widely  separated  from  each  other  that  they 
conSd  not  now  possibly  interchange  their  inhabitants.  Certainly 
towards  the  equator  they  approach  each  other  rather  more,  but  even 
this  fact  fails  to  account  for  the  present  distribution,  for,  as  Wallace 
has  pointed  out,  "the  heat-loving  Reptilia  aSbrd  hardly  any  indica- 
tioDB  of  close  affinity  between  the  two  regions  "  of  South  America  and 
Angtralia,  "  whilst  the  cold-endoring  Amphibia  and  fresh-water  fishes 
offer  them  in  abundance"  (Wallace,  Dist.  of  AnimaU,  1400],  Tbns 
>e  eee  that  to  the  north  interchange  is  prohibited  by  tropical  heat, 
vhile  it  is  barred  to  the  south  by  a  nearly  shoreless  circumpolar  sea. 
Tet  there  must  have  been  some  means  of  intercommunication  in  the 
put,  and  it  apiiears  certain  that  it  took  the  shape  of  a  common  father- 
land for  the  various  common  forms  ftom  which  they  spread  to  the 
Dorthem  hemisphere.  As  this  father-laud  must  have  been  accessible 
from  all  these  scattered  southern  lands,  its  size  and  its  disposition  mast 
hare  been  such  as  would  serve  the  emigrants  either  as  a  bridge  or  as 
» series  of  stepping-stones.  It  must  have  been  either  a  continent  or 
an  archipelago. 

Bat  a  further  und  a  pecnliar  interest  attaches  to  this  lost  continent. 
I^hose  who  have  any  acquaintance  with  geology  know  that  the  placental 
^mmalia — that  is,  animals  which  are  classed  with  such  higher  forms 
of  life  as  apes,  cats,  dogs,  bears,  horses,  and  oxen — appear  very  abruptly 
»ith  the  incoming  of  the  Tertiary  period.  Now,  judging  by  analogy, 
it  is  not  likely  that  these  creatures  can  have  been  develoited  out  of 
Metiozoic  forms  with  anything  like  the  suddenness  of  their  apparent 
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entranoe  upon  the  scone.  For  sneh  cbanf^es  they  mast  have  reqaired 
a  long  time,  and  an  cxtenaive  rej^ion  of  ttie  earth,  and  it  in  probable 
that  each  of  them  bad  a  lengthy  series  of  progenitors,  which  nltimately 
linked  it  back  to  lower  forme. 

Why,  then,  it  is  constantly  asked,  if  this  was  the  sequence  of  elec- 
tion, do  these  missing  links  never  torn  npf  In  reply  to  this  qaeiy,  it 
wds  suggested  by  Huxley  that  they  may  have  been  developed  in  gome 
lost  continent,  the  boundaries  of  which  were  gratlaally  shifted  by  the 
slow  elevation  of  the  sea  margin  on  one  side  and  its  simultaDeons  Blow 
depression  upon  the  other,  so  that  there  has  always  been  in  existenoe 
a  large  dry  area  with  its  live  stock.  This  dry  8|H>t,  with  its  fonna  and 
flora,  like  a  great  raft  or  Noah's  Ark,  moved  wilh  great  slowness  in 
whatever  direction  the  great  earth-undulation  travelled.  But  to-day 
this  area,  with  its  fossil  evidences,  is  a  sea-bottom;  and  Hnxley  sap- 
poses  that  the  continent,  which  once  occupied  a  part  of  tbe  Pacific 
Ocean,  is  now  represented  by  Asia. 

This  movement  of  land-surface  translation  eastwards  eventually 
created  a  connection  between  this  land  and  Africa  and  £urope,  and  if 
when  this  happened  the  mammalia  spread  rapidly  over  these  conntriea, 
this  circumstance  would  account  for  the  abruptness  of  tbeir  appear- 
ance there. 

Now,  Mr.  Blanford,  the  president  of  the  Geological  Society  of  London, 
in  his  annual  address,  recently  delivered,  advances  matters  a  Btajre 
further,  for  he  tells  as  that  a  growing  acquaintance  with  the  biologj-  uf 
the  world  leads  naturalists  to  a  belief  that  tbe  placental  mammalia  and 
other  of  the  higher  forms  of  terrestrial  life  originated  daring  the  Me&o- 
zoic  period  still  further  to  the  southwards — that  is  to  say,  in  tbe  lo^t 
Antarctic  continent,  for  the  traces  of  which  we  desire  to  seek. 

But  it  almost  necessarily  follows  that  wherever  the  mammalia  vere 
developed  there  also  man  had  big  birth-place,  and  if  these speculatiODii 
should  prove  to  have  been  well  founded  we  may  have  to  shift  the  loe»- 
tiou  of  the  Garden  of  Eden  from  the  northern  to  tbe  soathem  hemis- 
phere. 

I  need  hardly  suggest  to  yon  that  possibilities  snch  as  these  mnst 
add  greatly  to  our  interest  in  the  recovery  of  any  traces  of  this  mystp- 
rious  region.  This  land  appears  to  have  sunk  beneath  the  seas  after 
the  close  of  the  Mesozoic.  Now,  the  sabmergenoe  of  any  mass  of  land 
will  disturb  the  climatic  equilibrium  of  that  region,  and  the  disappear- 
ance of  an  Antarctic  continent  would  prove  extremely  potent  in  vary- 
ing tbe  climate  of  this  hemisphere.  For  to-day  the  sun's  rays  falloa 
the  South  Polar  regions  to  small  purpose.  The  nnstable  sea  absoite 
the  beat,  and  in  wide  and  comparatively  warm  streams  it  carries  of 
the  caloric  to  the  northern  hemisphere  to  raise  its  temperature  at  tbe 
expense  of  ours.  But  when  extensive  land  received  those  same  heat 
rays,  its  rigid  surfaces,  so  to  speak,  tethered  their  caloric  in  this  hemi- 
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splwre,  and  thus  when  there  was  no  mobile  current  to  steal  northwards 
vitii  it,  warmth  ooald  accamolato  and  modify  the  climate. 

Under  the  inflnencea  of  such  changes  the  icy  mantle  woald  be  slowly 
rolled  back  towards  the  South  Pole,  and  thns  many  plants  and  anii^als 
nere  able  to  live  aud  multiply  in  latitudes  that  today  are  barreu. 
Wbat  has  nndonbtedly  occurred  in  the  extreme  north  is  equally  possi- 
ble io  the  extreme  south.  But  if  it  did  occur — if  South  Polar  lands, 
DOT  ice  bound,  were  then  as  prolific  of  life  as  Disco  and  Spitzbergen 
(ince  were— then,  like  Spitzbergen  and  Disco,  the  unsobmerged  rem- 
uaots  of  this  continent  may  still  retain  organic  evidences  of  the  fact  in 
the  sbape  of  fossil-bearing  beds,  and  the  discovery  of  such  deposits 
would  Gonflnn  or  confute  such  speculations  as  these.  The  key  to  the 
illogical  problem  lies  within  the  Antarctic  Circle,  and  to  Sod  it  would 
be  to  recover  some  of  the  past  history  of  the  sonthern  hemisphere. 
Tbere  ia  no  reason  to  despair  of  discoveriug  such  evideuce,  as  Dr. 
llcCormack,  in  his  account  of  Boss's  voyage,  records  that  portions  of 
Victoria  Land  were  free  from  snow,  aud  therefore  available  for  inves- 
tigatioD;  besides  which  their  surface  may  stilt  support  some  living 
forms,  for  they  can  not  be  colder  or  bleaker  than  the  peaks  which  rise 
ODtof  tbecoutiueutal  ice  of  North  Greenland,  and  these,  long  held  to 
be  Bterile,  have  recently  disclosed  the  existence  upon  them  of  a  rich 
tooDgli  humble  flora. 

We  have  now  to  consider  some  important  meteorological  questions. 
If  we  look  at  the  distribution  of  the  atmosphere  around  the  globe  we 
shall  see  that  it  is  spread  unequally.  It  forms  a  stratum  which  is 
deeper  within  the  tropics  than  about  the  poles  and  over  the  northern 
Ui»n  over  the  sontliern  hemisphere,  so  that  the  barometer  normals  fall 
more  as  we  approach  the  Antarctic  than  they  do  when  we  near  the 
Arctic  Uaury,  taking  the  known  isobars  as  bis  guide,  has  calculated 
that  tbe  mean  pressure  at  the  North  Pole  is  39.1,  but  that  it  ia  only  28 
at  the  South  (Maury's  Meteorology,  259),  In  other  words,  the  Ant- 
arctic Circle  is  permanently  much  barer  of  atmosphere  than  any  other 
I'ut  of  the  globe.  Again,  if  wo  consult  a  wind  chart  we  shall  see  that 
both  poles  are  marked  as  calm  areas.  Each  is  tbe  dead  center  of  a 
perpetual  wind  vortex,  but  the  South  Polar  indraught  is  tbe  stronger. 
I'oUrward  winds  blow  across  the  forty-fifth  degree  of  north  latitude  for 
ISDdays  in  tbe  year,  but  across  tbe  forty-fifth  degree  of  south  latitude 
for  209  days.  And  while  they  are  drawn  in  to  the  Xorth  Pole  from 
OTer  a  disk-shaped  area  5,600  miles  iu  diameter,  the  South  Polar  iu- 
ilranght  is  felt  throngbout  an  area  of  7,000  miles  across.  Lastly,  the 
vibds  which  circulate  about  the  South  Pole  are  more  heavily  charged 
*ith  mmstnre  than  are  the  winds  of  corresponding  parts  of  tbe  other 
hemisphere.  Now,  the  extreme  degree  in  which  these  three  cooditious, 
of  a  peqietnal  grand  cyclone,  a  moist  atmosphere,  and  a  low  barom- 
eter, co-operate  without  the  Antarctic  ought  to  produce  within  it  an 
exceptional  meteorological  state,  and  tb<^  point  to  be  determined  ia 
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wliat  that  couditioQ  may  be.  Maar;  maintaiDed  that  the  coDJunction 
will  make  the  cUmateof  tlie  South  Polar  area  milder  than  that  of  the 
north.  His  theory  ia  that  the  eatarated  winds  being  drawn  np  to  great 
heights  within  the  Antarctic  must  then  be  eased  of  tbeir  moistare,  and 
that  simultaneously  tbey  mast  disengage  vaut  qaautities  of  latent  heat; 
and  it  is  because  more  heat  must  be  liberated  iu  this  niaoDer  in  the 
South  Polar  regions  thau  in  the  north  that  he  infers  a  less  severe  cli> 
mate  for  the  Antarctic.  He  estimates  that  the  resnltant  relative  diffn- 
ences  between  the  two  polar  climates  will  be  gi  eater  than  l^bat  between 
a  Canadian  and  an  English  winter  (Maury's  Meteoroloffs,  P-  466}. 
Boss  reports  that  the  South  Polar  summer  is  ratber  colder  than  tbat 
of  the  north,  but  still  the  southern  winter  may  be  less  extreme,  aod  n 
the  mean  temperature  may  be  higher.  If  we  examine  the  weather 
reports  logged  by  Antarctic  voyagers,  instead  of  the  temperatore 
merely,  the  advantage  still  secnns  to  rest  with  the  sontb.  In  the  first 
place,  when  the  voyager  enters  the  Antarctic  he  sails  out  ofatem- 
pestuoos  zone  into  one  of  calms.  To  demonstrate  the  truth  of  this 
statement  I  have  made  an  abstract  of  Boss's  log  for  the  two  months 
of  January  and  February,  1841,  which  he  spent  within  the  Antarr-tic 
Oircle.  To  enable  everyone  to  understand  it,  it  may  be  well  to  explain 
tbat  the  wind  force  is  registered  in  figures  from  0,  which  stands  for  a 
dead  calm,  up  to  12,  which  represents  a  hurricane.  I  find  that  duriug 
these  60  days  it  never  once  blew  with  the  force 8 — that  is,  a  fresh  gale; 
only  twice  did  it  blow  force  7,  and  then  only  for  half  a  day  each  time. 
Force  5  to  6 — fresh  to  strong  breezes — is  togged  on  21  days.  Force  1 
to  3— that  is,  gentle  breezes — prevailed  on  31  days.  The  mean  wind 
force  registered  under  the  entire  60  days  was  3.43 — that  is,  only  a  4  to 
5  knot  breeze.  On  38  days  bine  sky  was  logged.  They  never  had  a 
single  fog,  and  on  11  days  only  was  it  even  misty.  On  the  other  hand, 
suow  fell  almost  every  second  day.  We  find  such  entries  as  these: 
"Beautifully  clear  weather,"  and  "Atmosphere  so  extraordinarily  clear 
that  Mount  HerscUel,  distant  !)0  miles,  looked  only  30  miles  distant." 
And  again,  "Landseen  130  milc!^ distant;  sky  beautifully  clear."  Sor 
was  this  season  exceptioual,  so  far  as  we  can  tell,  for  Dr.  McCormack, 
of  the  Erebus,  iu  the  third  year  of  t)ie  voyage,  and  after  they  bad  left 
the  Antarctic  for  the  third  and  last  time,  enters  iu  his  diary  tbe  fol- 
lowing remark.  He  says :  "It  is  a  curious  thing  that  we  have  always 
met  with  tbe  finest  weather  within  the  Antarctic  circle ;  clear,  cloudless 
sky,  bright  sun,  light  wind,  and  a  long  swell"  (McOormack's  Antarctic 
Voyage,  vol.  i,  p.  345).  It  would  seem  as  if  tbe  stormy  westerlies,  so 
familiar  to  all  Australian  visitors,  had  given  to  tbe  whole  soatfaem 
hemisphere  a  name  for  bad  weather,  which,  as  yet  at  least,  has  oot  been 
earned  by  the  South  Polar  regions.  It  is  probable,  too,  that  the  almost 
continuous  gloom  and  fog  of  the  Arctic  (Scnresby's  Arctic  Rcgivia, 
pp.  07  and  137)  July  aud  August  bare  prejudiced  seamen  against  the 
Antarctic  summer.    The  true  character  of  the  climate  of  this  region  is 
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one  of  the  problems  awaitins  solation.     Whatever  its  natare  may  be, 

tbe  area  is  so  large  and  so  near  to  as  that  its  meteorology  must  have  a 
domiDant  influence  on  the  climate  of  Australia,  and  on  this  fact  the 

ralne  of  a  knowledge  of  the  weather  of  these  parts  must  rest. 

To  turn  to  another  branch  of  science,  there  are  several  questions  re- 
latiog  to  the  earth's  magnetism  which  require  for  their  solution  long- 
maintained  and  contiuuous  observations  within  the  Antarctic  circle. 
The  mean  or  permanent  distribution  of  the  world's  magnetism  is  be- 
lieved to  depend  oiKtn  causes  acting  in  the  interior  of  the  earth,  while 
Ibe  periodic  variations  of  the  needle  probably  arise  from  the  suiterficial 
and  subordinate  cnrrents  produced  by  the  daily  and  yearly  variations  in 
tbe  temperature  of  the  earth's  surface.  Other  variations  occur  at  irregu- 
lar intervals,  and  these  are  supposed  to  be  due  to  atmospheric  electricity. 
AUthesedifferentcurreots  are  excessively  frequent  and  powerful  about 
the  poles,  and  a  sufficient  series  of  observations  might  enable  physicists 
to  differentiate  the  various  kinds  of  currents,  and  to  trace  tbem  to  their 
Mveral  sources,  whether  internal,  superficial,  or  meteoric  To  do  this 
property  at  least  one  land  observatory  should  be  established  for  a  period. 
Id  it,  the  variation,  dip,  and  intensity  of  the  magnetic  currents,  as  well 
u  the  momentary  fluctuations,  of  these  elements  wonld  all  be  recorded. 
Fixed  term  days  wonld  be  agreed  on  with  tbe  observatories  of  Australia, 
of  the  Cape,  America,  and  Europe,  and  during  these  terms  a  concerted 
coDtinaons  watcb  would  be  kept  up  all  round  tbe  globe  to  determine 
which  vibrations  were  local  and  which  general. 

The  present  exact  position  of  the  principal  south  magnetic  pole  has 
alBoto  be  fixed,  and  data  to  be  obtained  ^m  which  to  calculate  the 
nte  of  changes  in  the  future,  and  the  same  may  be  said  of  the  foci  of 
magnetic  intensity  and  their  movements.  In  relation  to  this  part  of  the 
Hibject,  Captain  Creak  recently  reported  to  the  British  Association  bis 
conclusions  in  tbe  foUowiug  terms.  He  says :  "  Great  advantage  to  tbe 
Kience  of  terrestrial  magnetism  would  be  derived  from  a  new  magnetic 
Barvey  of  the  southern  hemisphere  extending  from  the  parallel  of  40° 
oMith,  as  far  towards  tbe  geographical  pole  as  possible." 

Intimately  connected  with  terrestrial  magnetism  are  tbe  phenomena 
of  aQToras.  Their  nature  is  very  obscure,  but  quite  recently  a  distinct 
advance  has  been  made  towards  discovering  some  of  the  laws  which 
legnlate  them.  Thanks  to  the  latmrs  of  Dr.  Sopbus  Trombolt,  who 
W  spent  a  year  within  the  Arctic  circle  studying  them,  we  now  know 
that  their  movements  are  not  as  eccentric  as  they  have  hitherto  ap- 
l>eared  to  be.  He  tells  us  that  the  Aurora  Borealis,  with  its  crown  of 
many  lights,  encircles  the  pole  obliquely,  and  that  it  has  its  lower  edge 
ngpended  above  the  earth  at  a  height  of  from  50  to  100  miles,  the  mean 
of  18  trigonometrical  measurements,  taken  with  a  base  line  of  50  miles, 
l>etDg  75  miles.  Theaurora  forms  a  ring  ronnd  the  pole  which  changes 
its  latitude  font  times  a  year.  At  tbe  equinoxes  it  attains  its  greatest 
distance  from  the  pole,  and  at  midsummer  and  midwinter  it  approaches 


302  ANTABCTIC    EXPLOEATION. 

it  most  cloeely,  and  it  bas  a  zoue  of  maximum  intensity  wbich  is  placed 
obliquely  between  the  parallels  of  (KP  and  70<^  fi^.  The  lengtb  of  its 
meridional  excursion  varies  from  year  to  year,  decreasingandincreasiDg 
through  tolerably  regular  periods,  and  reaciiing  a  maximum  abontever; 
11  yeara,  when,  also,  its  appearance  simnltaaeously  attains  to  its  great- 
est brilliancy.  Again,  it  baa  its  regular  yearly  and  daily  moFemeutsor 
periods.  At  tbe  winter  solstice  it  reaches  its  maximum  annual  intensity, 
and  it  has  its  daily  maximum  at  from  S  p.  M.  and  2  a.  h.,  according  to  the 
latitude.  Thus  at  Prague,  in  latitude  60°  N.,  tbe  lights  api>ear  at  about 
8.45  P.  M. ;  at  Upsala,  latitude  60^  N.,  at  9.30  p.  m.  ;  at  Bossekop,  70°  X., 
at  1.30  A.  M.  Kow,  while  these  data  may  be  true  for  the  northern 
hemisphere,  it  remains  to  be  proved  how  far  they  apply  to  the  sonthern. 
Indeed,  seeing  that  tbe  atmosphere  of  the  latter  region  is  inoister  and 
shallower  than  that  of  the  former,  it  is  probable  that  the  phenomena 
would  be  modified.  A  systematic  observation  of  the  Aurora  Anstralis 
at  a  number  of  stations  in  high  latitudes  is  therefore  desirable.  j 

Whether  or  not  there  is  any  connection  between  anroral  exhibitions    j 
and  the  weather  is  a  disputed  point.    Tromholt  believes  that  such  a  re-    ' 
lationship  is  probable  ( Vnder   tKe  Rays,  12S3).     He  says  that,  "how-    .' 
ever  clear  the  sky,  it  always  became  overcast  immediately  after  a  virid   j 
exhibition,  and  it  generally  cleared  again  as  quickly"  (I7nd«rtAe£af(.   : 
1335).    Payer  declares  that  brilliant  auroras  were  generally  succeeded  b;    j 
bad  weather  ( Voyage  of  Tegethoff,  1324),  bot  that  those  which  bad  a   ! 
low  altitude  and  little  mobility  appeared  to  precede  calms.    Ross  re-  j 
marks  of  a  particular  display  "  that  it  was  followed  by  a  fall  of  snow,  < 
as  usual"  (Ross^a  Voyage,  1312).    Scoresby  appears  to  have  formed  i 
the  opinion  that  there  is  a  relationship  indicated  by  his  experience.    It  ( 
is,  therefore,  allowable  to  regard  the  ultimate  establishment  of  some  ooo- 
neotion  between  these  two  phenomena  as  a  possible  coutingency.    If,  j 
then,  we  look  at  the  eleven-year  cycle  of  auroral  intensity  from  the  j 
meteorological  point  of  view,  it  assumes  a  new  interest,  for  these  periods  ! 
may  coincide  with  the  cycles  of  wet  and  dry  seasons  which  some  [ 
meteorologists  have  de<luced  from  tbe  records  of  our  Australian  cKmate, 
and  the  culmination  of  the  one  might  be  related  to  some  equivalent 
change  in  the  other.    For  if  a  solitary  aui-oral  display  be  followed  by  a 
lowered  sky,  surely  a  period  of  contiuuous  auroras  might  give  rise  to  a 
period  of  continuous  cloudy  weather,  with  rain  and  snow.    Fritz  con- 
siders that  be  bas  established  this  eleven-year  cycle  upon  the  strengtb 
of  auroral  records  extending  from  1583  to  1874,  and  bis  deductions  have 
been  verified  by  others. 

In  January,  1886,  we  had  a  wide-spread  and  heavy  rain-fall,  and  aho 
an  auroral  display  seen  only  at  Hobart,  but  which  was  sufficiently  pow- 
erful to  totally  Buspeud  communication  over  all  the  telegraph  lines  edtn- 
ated  between  Tasmania  and  the  China  coast.  This  sensitiveness  upon 
tbe  part  of  the  electric  currents  to  auroral  excitation  is  not  novel,  for 
long  experience  on  the  telegraph  wires  of  Scandinavia  has  ^owq  that 
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there  is  sncb  a  delicate  sympatbr  between  them  that  the  electric  wires 
there  maoifest  the  same  daily  and  yearly  periods  of  activity  as  tbose 
that  mark  tbe  anrorag.  The  current  that  reveals  itself  in  fire  in  the 
higher  regious  of  the  atmosphere  is  precisely  the  same  carrent  that 
plaenes  tbe  operator  in  his  ofBce.  Therefore,  ia  the  records  of  these 
tnuiblesome  earth  carrenu,  now  being  aecamnlated  at  the  observatory 
by  St.  Ellery,  we  are  collecting  valuable  data,  wbicb  may  possibly 
enable  the  pbysicist  to  connt  tbe  anseen  auroras  of  the  Antarctic,  to 
calcnkte  their  periods  of  activity  and  letbarg}',  and,  again,  to  check 
these  with  our  seasons.  But  it  need  hardly  be  said  that  the  observa- 
Cia»8  which  may  be  made  in  the  higher  latitndea  and  directly  under 
tbe  rays  of  the  Aurora  Anstralis  will  have  tbe  greater  value,  tiecause 
itis  only  near  the  zoueof  maximum  auroral  intensity  that  tbe  phenomena 
are  manifested  in  all  their  aspects.  In  this  perio<1icity  of  the  sontbern 
aarora  I  have  named  tbe  last  scientific  problem  to  nbtcb  I  bad  to  direct 
^oor  attention,  and  I  would  point  out  that  if  its  determination  should 
give  to  ns  any  clew  to  tbe  changes  iu  tbe  Australian  seasons  wbicb 
woald  enable  as  to  forecast  their  mutations  in  any  degree,  it  would  give 
tons,  in  conducting  tbose  great  interests  of  the  country  wbicb  depend 
for  their  anocess  upon  the  annual  rain-fall,  an  advantage  wbicb  would 
be  worth  many  times  over  all  the  cost  of  tbe  expeditions  necessary  to 
wtobUsb  it. 

Finally,  there  is  a  commercial  object  to  be  served  by  Antarctic  ex- 
ploration, and  it  is  to  be  found  in  tbe  establisbmeut  of  a  whaling  trade 
l)etween  this  region  and  Australia.  The  price  of  whalebone  has  now 
risen  to  tbe  large  sum  of  £2,000  a  ton,  which  adds  greatly  to  the  possi- 
Inlitiesof  securing  to  the  whalers  a  profitable  return.  Sir  James  Boss  aud 
ilia  officers  have  left  it  on  record  that  the  whale  of  commerce  was  seen 
i>y  them  in  these  seas,  beyond  the  possibility  of  a  mistake.  They  have 
stated  that  tbe  animals  were  large,  and  very  tame,  aud  that  they  could 
tiare  been  caught  in  Urge  numbers.  Within  the  last  few  years  whales 
bave  been  getting  very  scarce  in  tbe  Arctic,  and  in  consequence  of  this 
iwo  of  tbe  most  successful  of  the  whaling  masters  of  tbe  present  day, 
Capts.  David  and  John  Gray,  of  Peterhead,  Scotland,  bave  devoted 
Wme  labor  to  collecting  all  tbe  data  relating  to  this  question,  and  they 
bave  consulted  sncb  survivors  of  Koss's  expedition  as  are  siill  available. 
Iley  have  published  the  results  of  their  investigations  in  a  pamphlet, 
in  which  they  urge  the  establishment  of  the  fishery  strongly,  and  they 
Xate  their  conclusions  in  tbe  following  wonls.  Theysay:  "We  think 
it  is  established  beyond  doubt  that  whales  of  a  sjtecies  similar  to  the 
igbt  or  Greenland  whale,  found  in  high  northern  latitudes,  exist  in 
enat  numbers  in  the  Antarctic  seas,  and  that  tbe  establishment  of  a 
*ba1e  fishery  within  that  area  would  be  attended  with  successful  and 
profitable  results."  It  is  not  necessary  for  me  to  add  anything  to  tbe 
opinion  of  such  experts  in  the  business.  All  I  desire  to  say  is  that  if 
Rch  a  fishery  were  created,  with  its  headquarters  in  Melbourne,  it 
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iFoald  probably  be  a  material  additioD  to  onr  prosperity,  and  it  would 
aoon  increase  our  popalation  by  causing  the  fitmilie«  of  tbebardy  setuiKD 
who  would  man  tbe  fleet  to  nunore  from  tbeir  liomee  in  Shetland  and 
Orkney  aod  the  Scotch  coasts  and  settle  here. 

In  conclusion,  I  veutare  to  sabmit  that  I  have  been  able  to  point  to 
good  aud  substantial  objects,  both  scientific  and  commercial,  to  justify 
a  renewal  of  Autarctic  research,  and  1  feel  assnred  that  nothing  conld 
bring  to  ns  greater  dlstiDctton  in  the  eyes  of  the  whole  civilized  world 
than  snch  an  expedition,  judiciously  plauued  and  skillfnlly  carried  oat. 
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By  Col.  B.  WiTBKOWSKi,  of  tbe  Geueral  Staff, 
and  Pix)f.  J.  Howard  Goee,  B.  S.,  Ph.  D. 


From  tbe  time  of  the  UDlficatioa  of  the  several  Moscovite  states  there 
baa  been  felt  the  need  of  descriptions  of  the  separate  parts.  But  it  was 
not  until  the  middle  of  the  sixteenth  centary  that  the  iuexact  and  uu- 
latisfactory  '*  Great  Plan  "  made  auy  attempt  towards  filliug  this  need. 
SfsCemat'c  geodetic  operations,  however,  did  not  receive  aDj  attention 
Mill  the  time  of  Peter  the  Great,  who  sent  ont  foreigners,  especially 
iDviCed  for  this  par|)ose,  together  with  such  Russians  as  had  been  under 
ttidr  instructioD,  to  make  surveys  of  different  parts  of  the  empire. 
^eee  disconnected  surveys  were  made  without  an;  definite  correlation 
of  the  separate  parts,  and  in  a  very  crade  inauoer — using  cords  for 
DeasoriDg  lines,  astrolabes  for  angle  determinations,  and  large  Quad- 
rants for  latitude  observations. 

^eu  Delisle  arrived  in  St.  Petersburg  in  1726,  in  response  to  an 
invitaiion  from  the  em|)eror,  an  impetus  was  given  to  the  exact  sciences. 
Id  coDoection  with  the  Academy  of  Sciences,  founded  likewise  in  1726, 
l>corgauized  special  astronomic  expeditions  for  determining,  in  addi- 
tion to  other  work,  the  geographical  position  of  points  to  check  the 
Ewgrapbyof  the  Great  Plan,  and  to  make  such  revisions  as  might  be 
■Kctssaiy,  la  these  oi>erations  longitudes  were  determined  by  the 
iclipse  of  Jupiter's  satellites.  The  result  of  these  expeditions  was  the 
Bmsjan  Atlas,  edited  by  the  Academy  in  ni5,  consisting  of  one  gen- 
m  and  nineteen  special  maps,  constructed  on  a  scale  of  34  versts*  to 
^e  inch.  Notwithstanding  its  imperfections,  this  atlas  was  far  superior 
0  3Dy  of  its  period,  and  ante-dated  all  general  maps  except  those  of 
^aoce  and  Italy. 

l>eliale  awakened  great  interest  in  astronomy  at  Russia's  capital,  and 
ecored  tbe  necessary  iiermission  and  aid  to  observe  every  important 
iitrDDomic  event  that  was  visible  from  any  part  of  her  domain.  This 
'eated  a  need  for  assistants,  and  called  forth  a  number  of  astronomers 
'boee  names  are  known  to  us,  as  Erassiluikow,  a  member  of  Bering's 
ipeditiou;  Krashennikow,  who  made  the  first  description  of  Kam- 

'  1  veret  oquala  3,ri0«  Euglish  feet.  ,  ,   OoOqIc 
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cbtitka,  aud  Koumovsky,  explorer  of  nortbern  European  Rnasia.  In 
178d  tbe  last  named  published  a  table  of  the  geographical  poeitioaa  of 
Bixty-two  Blations  ia  Rnsaia.  It  may  be  remarked,  in  this  connection, 
that  nt  th)it  time  no  country  of  western  Europe  possessed  snch  a 
number  of  well-determined  placet). 

Id  tbe  eighteenth  century  the  measurement  of  an  arc  of  the  meridian 
was  even  planued,  but  wby  it  wau  not  carried  out  is  not  known  at  tbe 
present  time.  Delisle  thought  it  possible  to  measure  in  the  meridian  of 
St.  Petersburg  an  arc  of  :ili°  or  23'^,  and  in  the  year  1737  a  base  line 
was  measured  on  the  ice  between  St.  Petersburg  and  Cronstadt  and 
Bereral  stations  were  selec'ed. 

In  179C,  by  order  of  tbe  Em[>eror  Paul,  the  Dejiutof  Maps  was  insti- 
tuted, which  laid  a  solid  foundation  for  a  8C{>arate  department  specially 
occupied  with  all  the  geodetic  and  cartographic  work  in  the  state. 
Soon  after  Schubert  gave  special  instruction  in  astronomy  and  geodesy, 
looking  to  the  better  qualification  of  men  for  this  work.  But  owing  In 
the  troublesome  times  at  the  beginning  of  the  present  century,  a  stop 
was  put  to  the  progress  of  all  geodetic  o[>eration8.  However,  carto- 
graphic work  was  making  rapid  progress,  not  only  in  tbe  interior  of  the 
state,  but  in  such  neighboring  states  as  the  fortunes  of  war  introdaoed 
Russian  troops,  as  for  instauce  in  1816-'18,  while  the  army  wasio  Ftanoe, 
more  than  10,000  squareversts  were  mapped.  In  tbix survey  moontsiM 
were  for  the  first  time  drawn  by  cross  hatchings,  according  Co  Lehman's 
system. 

After  the  close  of  the  war  with  Napoleon  geodetic  operations  io 
Russia  began  to  develop  very  rapidly,  and  lying  at  tbe  fonndation  of 
accurate  maps,  tbe  practical  valne  was  so  apparent  that  no  obstacle  to 
their  progress  was  encountered.  The  great  extent  of  the  coontry  pre- 
cluded tbe  plan  which  naturally  snggested  itself  of  covering  tbe  eutin 
state  with  a  network  of  triangulation  before  beginning  the  mapping. 
Consequently  independeut  nets  were  started  which  later  could  be 
united  and  brought  into  a  harmonious  whole.  Viha  was  the  first  prov- 
ince which  was  covered  by  a  triangulation.  It  was  prosecuted  in  1816- 
1821,  under  the  direction  of  Geueral  Tenner,  and  is  of  interest  to  us  be- 
cause its  principal  triangle  entered  into  the  great  meridioual  arc. 

This  work  rested  on  three  bases  measured  with  an  apparatus  con- 
structed on  the  Borda  principle  under  the  supervision  of  ProfesMr 
Reisig.  Tenner  discovered  that  tbe  behavior  of  tbe  metal  compoDents 
under  varying  temi)erature3  was  wholly  unreliable  and  at  once  proposed 
an  apparatus  consisting  of  only  one  metal,  in  the  shai>e  of  a  bar  of  iroQ 
li  feet  long,  with  a  slide  projecting  beyond  the  end  of  one  of  tbe  ban 
to  measure  the  interval  between  two  bars  when  they  are  brooght  iota 
approximate  contact.  This  device  has  been  employed  in  a  variety  of 
forms  and  is  now  known  as  tbe  contact-slide.  The  tem[>eratQre  of  tbe 
bars  during  the  measuring  was  ascertained  f^m  two  thermometers  on 
each  bar,  the  bulbs  of  which  were  inserted  into  the  bo<iy  of  tlie  bar. 
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The  angles  in  this  neb  wore  measured  with  repeating  ciroles,  employing 
for  each  angle  from  twenty  to  fifty  repetitiona.  For  the  probable  error 
or  angle  detenDination>i  0".63  was  found  to  be  an  average.  Aatronomio 
obBervatioDS  were  made  at  only  one  point  with  the  longitudes  referred 
to  the  observatory  of  Vilna. 

Almost  eimultaneonsly  with  the  above-named  operations  in  Vilna,  a 
yonng  entbuaiastic  aHtrouomer  of  the  Dorpat  University,  W.  Struve, 
acting  in  resiwnse  to  a  request  from  the  Livonian  Economical  Society, 
covered  Livonia  with  a  trigonometrical  net.  In  this  work  the  angles 
vcre  measnred  with  a  sextant  and  the  bases  with  wooden  rods,  so  that 
hot  little  coofldoDce  csu  be  placed  in  the  results,  still  it  was  while  en- 
gaged upon  this  work  that  Struve  formed  a  liking  for  geodesy  and  con- 
ceived the  plan  of  making  a  great  arc  measurement  for  the  pnrpose  of 
determining  the  lengths  of  degrees  in  different  latitudes. 

His  great  interest  in  the  work  attracted  the  attention  of  the  univer- 
Bity  aotboritJes,  and  in  answer  to  bis  request  they  furoinhed  him  with 
the  necessary  means  and  instruments.  The  base  apparatus  was  of  bis 
OTD  invention,  and  still  bears  his  name.  The  salient  feature  intro- 
tloced  in  its  construction  was  the  contact  lever,  which  indicated  on  a 
graduated  arc  over  which  one  end  of  the  lever  swept  the  exact  measur- 
ing leugtb  each  time  the  bar  was  put  in  place.  Inclination  was  deter- 
mined by  means  of  a  special  level. 

A  large  tbeo<lolite,  provided  with  four  verniers,  served  as  the  angle- 
n-ading  instrument.  In  this  work  Struve  was  the  first  to  abandon  the 
Ecductive,  unreliable  method  of  repetition,  usiug  in  its  place  the  method 
of  directions.  It  was  so  apparent  to  many  that  an  angle  measured  say 
twenty  times,  with  only  one  reading  of  the  circle,  would  be  affected  by 
ail  error  only  one-twentieth  as  large  as  if  the  single  reading  corre- 
xponded  to  only  one  pointing.  Struve  clearly  saw  that  this  method 
introduced  other  errors  more  pernicious  than  those  of  reading,  but  so 
firmly  was  the  Borda  repeating  circle  fixed  in  the  confidence  of  its 
QseiB  that  had  not  Gauss  embraced  the  new  plan  in  bis  mooumentsi 
«ork  it  is  likely  that  the  method  of  repetition  would  have  continued 
to  Impair  geodetic  determinations.  However  much  we  are  indebted  to 
(jauss  for  assisting  in  the  change,  we  owe  the  inception  to  Struve. 

The  resalts  of  this  first  degree  measurement,  which  extended  from  the 
ieleof  Hohland,  in  theFinnishOulf,  to  tbetown  Jacobstadt,on  theriver 
Oviua,  are  given  in  Struve's  Breitengradme»8ung  in  den  Ogtseeprovimen 
RK$tUi7tdaf  Dorpat,  1831. 

Ou  finishing  this  work,  Struve,  seeing  no  natural  obstacles  in  the 
«ay,  hoped  to  extend  an  arc  along  the  meridian  of  Dorpat.  lie  was 
woo  ID  a  iM>sitiou  to  take  up  this  undertaking,  since  as  director  of  the 
observatory  at  Fulkova  be  was  virtually  at  the  bead  of  all  astronomic 
and  geodetic  operations  in  Russia.  Fortunately  he  received  the  appro- 
bation of  Emperor  Nicholas,  and  under  his  patronage  this  branch  of 
scientific  work  prospered.  The  great  arc,  which  received  well  nigh 
onintermpted  attention  for  more  than  40  years,  bad  as  its  central  fea- 
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tare  tLe  BtUtio  arc;  to  tbis  was  successively  joiuiiMl  Feuuei's  meridional 
chains  ■□  the  proriDces  of  Yilna,  Litbonia,  Yolj-iiia,  aud  Podolsky.  In 
tbe  years  183&~1844,  triangles  were  added  until  the  chaAu  reacbed  from 
the  isle  of  Eobland  to  Tomea,  in  the  iiortb,  aud  in  tbe  followiug  years 
Tenner  carried  tbe  soathern  end  through  Bessarabia,  terminating  at 
Staraja-Ifekrasorka,  at  tbe  mouth  of  tLe  Danube.  For  the  continaa- 
tion  of  tbe  arc  northward  from  Tornea  the  co-operation  of  tbe  Swedish 
Government  Mas  uecessary,  as  the  best  disposition  of  the  triangles 
threw  the  stations  alteruately  in  Russia  and  in  Sweden,  finally  cross- 
ing tbe  north  of  Vorway.  Strove  went  to  Stockholm  to  lay  the  natter 
before  King  Oscar,  who  at  once  entered  into  the  spirit  of  tbe  under- 
taking, and  not  only  gave  Lis  consent  but  contributed  aid  in  carrying 
it  on.  In  1S45,  this  part  of  the  work  was  begun,  and  with  tbe  aaeist- 
ance  of  Selauder,  on  tbe  part  of  Sweden,  and  Hansteen,  for  Norway, 
tbe  field  work  was  completed  in  1852. 

This  entire  arc  comprises  25°  SO*,  in  which  there  are  258  principal 
triangles  restiuK  on  ten  base  lines,  and  fixed  in  posilion  on  tbe  eartb's 
surface  by  astronomic  observations  at  thirteen  stations-  As  a  supple- 
ment to  this  work  may  be  mentioned  the  chronometrical  expeditifw 
between  Pnlkova  and  Dorpat,  made  in  1851.  In  this  operation  thirty- 
one  chronometers  were  transported  ten  times.  The  details  of  this  arc 
measurement  are  given  quite  fully  in  "Arc  du  M^ridien,"  which  wu 
pablisbed  iu  French  and  Russian  in  1860.  This  arc  has  entered  iuto 
all  of  the  more  recent  determinations  of  the  figure  of  tbe  earth,  and  is 
the  computations  of  General  Bonsdorff  it  alone  gives  for  the  ellipticity 
■^i-i,  which  agrees  quite  well  with  tbe  best  values. 

Arcs  of  parallel  have  also  received  some  attention.  In  1826,  the 
French  Government  announced  that  there  was  already  iu  existence  an 
arc  of  parallel  npproximately  in  latitude  iT^  N.  from  Brest,  on  the  west, 
to  Tcbernowizt,  on  the  east,  aud  that  if  the  Russians  would  continue 
this  arc  eastward  valuable  geodetic  data  would  result.  The  i)laD  was 
received  with  favor,  but  diSerent  obstacles  intervened,  so  that  it  was 
not  until  1848  that  it  could  be  carried  out.  By  this  time  the  triango- 
latiou  bad  reached  the  so-called  New  Bussia,  and  in  the  general  pur 
IKise  to  cover  this  entire  section  with  a  network  of  triangles  Geaeid 
Wrochenko,  tbe  chief,  receiverl  instructions  to  so  perform  bis  work 
that  amongst  his  trlaiiglei^  there  should  be  an  uninterrupted  chain 
along  this  parallel  of  such  Htrengtb  and  accuracy  that  they  conld  form 
an  integral  paH  of  this  arc. 

Tbe  field  oi>eratious  continued  without  serious  interruption  up  to! 
their  completion  in  1856,  extending  over  an  arc  of  about  20°  ain|di- 
tude  from  Bologan  to  Astrakhan,  at  the  mouth  of  tbe  Volga.  For  tbbl^ 
work  three  bases  have  been  measured  in  addition  to  the  checks  whicb 
came  down  from  the  northern  work.  As  the  determination  of  the  am- 
plitude depends  upon  differences  of  lougitiules  this  part  of  the  woi^ 
Wiis  delnycd  awaiting  the  coiistructiou  of  telegraph  lines.     At   tho 
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preflent  time  loDjifitudes  ol'  Tivo  stations  ura  known,  aud  the  final  rutiults 
rjllsooobepablished. 

[q  1S60,  it  va8  decided  to  cany  an  arc  along  the  flfty-second  parallel, 
vbieh,  vfhen  completed,  wonld  bave,  betveen  Haversfordwe'st,  in  En(t- 
IsDd, and Orek, on  tbe  river  Ural,  an  amplitadeof  63'^  31'.  To  Russia's 
itisrefell39°24',wbile  the  other  conntries  hadtbeir  work  finished.  In 
sdJItioD  to  this,  Bassia  at  this  time  had  on  ly  a  few  triangles  suitably 
aitoated  that  were  safficiently  accnrate  to  form  a  part  of  this  arc; 
Uierefore  It  was  necessary  to  revise  some  of  tbe  former  work  and  t«  add 
to  it  mach  that  was  wholly  new.  In  the  prosecution  of  this  work 
many  obstacles  were  met  with,  especially  while  traversing  the 
marabes  of  Minsk,  where,  on  acconnC  of  tb  e  heavy  timber  and  the  flat 
cbaracter  of  the  ground,  it  was  necessary  to  build  high  signals,  in 
»me  cases  as  much  as  150  feet  in  height. 

The  field  operations  were  completed  in  1872.  One  can  form  nn  idea 
or  the  magQitade  of  this  triaugulation  when  it  is  said  that  in  Russia 
there  are  321  triangles,  of  which  199  are  taken  from  Tenner's  nets  in 
Poland  and  along  the  "Volga,  while  122  were  measured  by  General 
Zilinsky  especially  for  this  arc.  They  rest  on  seven  base  lines,  two  in 
Tenner's  chain  and  five  in  the  eastern  part.  Fifteen  astronomical 
nations  bare  been  occupied  for  longitude  determinations,  chiefly  by 
Bnggian  officers,  although  six  points  were  in  other  countries ;  these 
■ere:  Breslao,  Leipzig,  Bonn,  Newport,  Greenwich,  and  Haveraford- 
*eet  Time  observations  were  made  with  portable  transit  instruments, 
and  latitudes  were  ascertained  from  observations  made  with  the  ver- 
nal circles  of  Be  psold.  For  the  transmission  of  time,  telegraphic 
■ipals consisting  of  tbe  turning  aside  of  the  needleof  a  galvanoscope 
'ere employed.  Between  two  complete  determinations  of  time  four 
fmim  of  twelve  signals  each  were  sent  at  irregular  int«rTalB  of  time, 
f»jiDg  from  13  to  17  seconds.  Six  repetitions  of  such  a  set  consti- 
t>it«d  a  longitude  determination. 

At  the  present  time  the  computations  are  in  press,  forming  parts  of 
'olnmee  46  and  47  of  the  Memoirs  of  the  Topographic  Section  of  the 
^eral  Staff.  We  are  fortunately  able  to  give  the  final  results,  as 
fillowB: 
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Id  181G,  was  begun  tlie  geoeral  triangulation  of  Russia  which  was  to 
serve  as  the  hasis  of  accurate  maps.  At  first  the  operetioua  in  differ- 
eot  sections  were  isolated,  and  when  coonecttons  were  made  distu^i)- 
aocies  were  discovered.  This  saggested  to  Oeoeral  Scbnbert,  at  the 
time  chief  of  triangulation  in  the  province  of  St.  Peterbargh,  that  a 
central  department  having  charge  of  all  aatronomic,  geodetic,  topo- 
graphic, and  cartographic  work  sboald  be  (;6tablt8hed.  His  proposal 
was  favorably  received  by  the  authorities,  and  in  1822,  the  Military 
Topographic  Corps  was  founded  with  Schubert  at  its  head.  At  the 
same  time  was  organized  the  Topographic  School,  where  young  men 
could  prepare  themselves  lor  service  in  the  corps.  That  the  founder 
showed  great  wisdom  in  forming  his  plan  of  organization  is  appareot 
•  from  the  fact  that  but  few  changes  have  taken  place  np  to  the  preseol: 
time. 

This  institntion  is  charged  with  all  operations  looking  towards  the 
complete  mapping  of  all  Russian  possessions.  These  in  a  great  part  lie 
in  inhospitable  dimes,  and  many  are  the  abode  of  deadly  fevers  or  sav- 
age hordes,  so  that  the  work  is  of  surpassing  difficulty.  All  this,  how- 
ever, has  delayed  but  not  deterred  the  determined  observers,  so  that  at 
the  present  time  nearly  all  Russia  is  provided  with  a  secondary  triau- 
gulation  suitable  for  cartographic  operations.  In  this  work  the  only 
important  feature  introduced  was  in  the  measurement  of  base  lines  by 
means  of  wires.  This  method,  known  in  Europe  as  the  J^erin  appa- 
ratus, consists  of  a  pair  of  tapes  of  different  metals,  usually  one  brass 
and  one  at«el,  each  25  metres  long.  In  measuring  both  are  used  side 
by  side  and  are  stretched  under  the  action  of  a  constant  tension.  Two 
sliding  scales  attached  to  the  top  of  a  tripod  are  adjusted  so  that  the 
zero  mark  on  one  coincides  with  the  end  of  the  brass  wire  and  the  zem 
of  the  other  coincides  with  the  end  of  the  steel  wire.  Then  the  wires 
arc  carried  forward  and  the  rear  end  of  the  brass  wire  is  brought  into 
coincidence  with  the  zero  of  the  scale  which  had  been  adjusted  to  its 
front  end,  and  the  same  adjustment  is  made  for  the  steel  wire.  If  the 
two  wires  should  remuin  equal  in  length  there  would  be  no  disagree- 
ment in  the  zero  marks,  but  as  the  rates  of  expansion  of  these  two 
metals  are  widely  different  the  distance  between  the  zeros  at  the  first 
laying  of  the  wires  is  due  to  their  unequal  expansion,  and  each  time 
the  wires  are  put  in  place  this  distance  is  augmented  or  diminished 
according  as  the  temperature  is  continually  increasing  or  decreasing. 
From  this  it  can  be  seen  that  the  entire  base  line  can  be  regarded  us 
measured  by  a  siugle  length  of  an  apparatus  constructed  on  the  Borda 
principle  and  at  a  temperature  equal  to  the  mean  temperatnre  experi- 
enced in  measuring.  With  these  wires  great  speed  can  be  attaiDed^ 
reaching  as  much  as  8  kilometres  a  day,  and  judging  fhim  the  MoIo»- 
kowizy  base,  where  the  discrepancy  between  two  measnres  was  only 
1  centimeter  in  a  base  9,822  metres,  sufficient  accuracy  is  readily  secured. 

Not  only  for  the  purpose  of  detenniniugthe  amplitude  of  arcs  of  par- 
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alle),  bnt  also  for  locatiDg  or  correcting  tbc  locatioa  of  points  distant 
fromfiied  observatories,  was  it  early  necessary  to  ascertain  diS'erenees 
of  longilQde.  Tbe  first  step  in  tbis  direction  was  made  in  1833,  wben 
fiftj-sis  chronometers  were  transported  in  the  steamer  Hercules  to 
puinta  along  the  shores  of  the  Baltic  Sea.  Tbis  was  followed  by  several 
large  or  primary  expeditions,  flsing  points  from  wbich  smaller  or  sec- 
oodaiy  expeditions  radiated  as  from  centers.  The  most  important  of 
tlifse  is  tbe  welt-known  expedition  carried  on  nnder  the  direction  of 
Slnive,  for  determining  the  difference  of  longitude  between  Greenwich 
and  Palkova.  The  next  was  between  Pnlkova  and  Moscow,  with  forty 
cbroDometers.  During  these  exchanges  a  great  number  of  box  cbro- 
nometers  were  transported  in  carringes,  and  it  was  found  that  in  a  good 
spring  vehicle,  even  over  bad  roads,  the  rate  of  the  chronometers  were 
as  coDstant  as  when  they  were  carried  by  water.  In  the  freqneut  ex- 
l-editions  following  these,  when  no  less  than  eighty  chronometers 
nere  employed,  observations  and  comparisons  were  made  not  only  at 
the  terminal  points,  bnt  also  at  several  intermediate  stations.  The 
creat  number  of  cbronometera  in  use  made  it  necessary  to  find  some 
ii<eaD3  of  lessening  the  time  necessary  for  their  comparison.  When,  as 
nas  at  first  tbe  case,  siderial  and  meantime  chronometers  were  com- 
pared, 4  minutes  were  lost  while  waiting  for  a  coincidence.  As  the  out- 
come of  this  necessity  Strnve  invented  the  thirteen  striker,  that  is,  a 
cbronometer  making  thirteen  beats  or  strokes  in  6  seconds.  This 
pves,  nhether  comparing  with  a  star  or  mean  chronometer,  a  coinci- 
ileoce  every  6  seconds  within  a  range  of  0",0:i,  which  is  sufficiently  accu- 
rjte.  An  uncompensated  chronometer  always  formed  a  part  of  the 
tijaipment,  serving  as  a  means  for  finding  tbe  temperature  coefficients 
of  tbe  compensated  chronometers  more  satisfactorily  than  if  tempera- 
lureii  were  taken  from  accompanying  thermometers.  As  one  would 
Mpect,  tbe  Russians  have  made  very  elaborate  investigation.s  regarding 
Ibe  rates  of  cbronometers  and  their  disturbing  causes. 

Ab  soon  as  Russia  was  covered  with  a  telegraphic  net  tbe  new  method 
ofdeleiminiiig  difleience  of  longitudes  was  tried  and  at  once  adopted 
Tlie  first  application  of  this  scheme  was  in  Finland,  between  the  sta- 
liong  Cronsladt  and  Ule&borg.  Tbis  was  in  18C0,  and  since  that  time 
Mch  year  has  witnessed  at  least  one  new  determination.  In  186S  ob- 
Wvaiions  were  made  for  finding  tbe  longitudes  of  Wiborg,  Lovisa,  Hel- 
sngfors,  and  ^Ibo  with  reference  to  Pulkova.  lu  these  operatiuns 
there  was  used  for  the  first  time  the  method  of  finding  time  by  a  traa- 
titiDstrnment  set  in  the  vertical  of  Polaris.  Tbis  method  had  been 
kuwn  for  along  time,  buthad  not  been  used  because  of  the  complicated 
wnpotations  involved.  But  W,  Diillen,  of  Pulkova,  gave  formula  and 
UUes  wbich  made  it  possible  to  compute  the  correction  of  tbe  clock 
■Imostas  quickly  as  if  the  observations  were  made  in  the  meridian- 

The  greatest  undertaking  in  the  way  of  telegraphic  longitudes  are 
tbe  labors  of  Bhamgorst  and  Kulberg,  who,  in  1873-'76,  gave  a  series  of 
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points  from  Moscow  to  Vladivostak,  coveriug  Siberia  and  embraciDg 
arcs  having  a  total  amplitade  of  more  than  100°.  This  hoge  nndertak- 
JDg  had  two  objects  in  view :  to  give  the  exact  position  of  a  numberof 
stations  which  were  to  serve  as  the  bases  of  onmerous  smaller  opera- 
tioDS,  especially  chronometric  expeditious,  and  to  detennine  in  the 
most  accnrat«  maner  the  longitude  of  stations  where  observations  of 
the  traouit  of  Venus  were  to  be  made  iu  1874.  The  observations  irete 
made  with  portable  transit  instruments  specially  adapted  for  quick  and 
convenient  shiftiug  in  azimutli,  making  it  possible  to  readily  place  the 
instrument  in  the  vertical  of  Poliiris.  For  latitudes  these  same  instm- 
meats  were  used,  being  placed  in  the  prime  vertical.  The  account  of 
this  expedition  takes  up  nearly  the  whole  of  the  thirty-eighth  volume 
of  the  Memoirs  of  the  Topographical  Section  of  the  General  Staff. 
Upon  examination  it  is  found  that  the  latitudes  were  affected  with  a 
probable  error  of  0".],  while  the  probable  error  of  a  lougitode  deter- 
mination is  0",043.  From  tbe  successive  transmission  of  time  back- 
warda  and  forwards  the  velocity  of  the  galvanic  current  was  found  to  be 
93,648  kilometres  per  second. 

While  tbe  triaugulation  was  in  progress,  zenith-distances  were  ob- 
served from  which  tbe  heights  of  stations  were  completed,  but  these 
operations  have  not  been  consistently  followed  out,  so  that  theie  are 
in  many  parts  of  Russia  a  lack  of  well-determined  altitudes.  General 
Tenner  gave  due  attention  to  this  special  werk,  and  in  his  chain  he 
united  the  Baltic  and  the  Black  Seas.  His  resnlta  showed  that  tbe 
former  is  0.53  fathom  higher,  but  as  the  probable  error  is  1.5  fathoms 
but  little  confidence  was  placed  in  tbe  theory  that  there  was  any  differ- 
ence in  tbe  level  of  these  two  seas.  Bat  with  tbe  Caspian  Sea  a  dif- 
ferent state  of  affairs  was  supposed  to  exist.  It  had  been  snspected 
that  this  sea  was  lower  than  either  of  the  two  just  named,  so  in  1836-'3T, 
a  large  expedition  was  organized,  in  which  Fuss,  8awitch,  and  Sabler 
were  participants.  They  began  at  Eagaliiik  near  tbe  Asov  Sea,  crossed 
the  northern  portion  of  the  Cancasian  deserts  to  tbe  Tscbomoi  Bynok 
on  the  Caspian.  For  greater  accuracy  the  zenith  distances  were  meas- 
ured at  very  short  distances,  approximately  3.6  versts.  These  distances 
were  ascertained  by  computation  from  short  lines  measured  by  placing 
bars  end  to  end  on  a  rope  stretched  tight  Tbe  results,  published  in 
1849,  showed  that  tbe  Caspian  Sea  is  86.46  feet  lower  than  t^e  Black 
Sea.  Subsequently  almost  the  same  value  was  obtained,  bat  still  }at«t 
a  value  4  feet  greater  was  fonnd,  suggesting  that  tbe  level  of  the  Ca^ 
plan  is  decreasing.  This  fact  has  had  further  demonstration.  The 
academiciau  Leuz  made  a  mark  on  a  rock  near  the  town  of  Baka  ex- 
actly on  a  level  with  the  sea ;  this  mark  in  1861  was  3.93  feet  higher 
than  the  water,  and  more  recent  comparisons  show  that  tbe  difference 
is  increasing. 

Tbe  other  Bussian  iuterior  sea,  the  Aral,  is,  on  tbe  contrary,  higher 
than  tbe  level  of  the  ocean.    Tbe  special  levelling  party  sent  out  for 
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Uiis  porpose  iu  ISli,  vaiue  to  the  conclusion  that  the  Aral  Sea  is  higher 
than  the  Caspiao  by  243  feet. 

Id  1871,  systematic  spirit  leveling  vas  began,  and  in  its  prosecntion 
msDj  interesting  facts  have  been  brought  to  light.  One  of  these  is  the 
different  levels  of  the  water  in  the  Baltic  Sea.  Taking  0  for  the  level 
of  water  at  Oroustadt,  the  height  of  the  sea  level  proves  to  be : 

Metres. 

AtBevol -0.57 

At  Dinaminrte —  0.88 

At  Libau —  1.24 

Another  is  the  discrepancy  between  spirit  levelling  and  geodeticlevel- 
liiig  in  obtaining  the  elevation  of  the  threshold  of  the  Dorpat  Observa- 
torj.  This  amounts  to  nearly  4  metres,  and  is  suggestive  of  a  consid- 
erable local  disturbance. 

The  first  local  attraction  observed  in  Rnssia  was  in  the  neighborbood 
of  Moscow,  where,  owing  to  the  absence  of  hills,  one  might  least  ex- 
pect a  discrepancy  between  geodetic  and  astronomic  results.  Soon 
ii\ei  the  completion  of  the  triaogulation  in  the  province  of  Moscow 
this  deflection  attracted  pnblic  attention,  and  the  astronomer  Schneizer 
DDdertook  a  special  investigation.  The  result  showed  that  in  this 
province,  almost  in  the  direction  ftom  east  to  west,  there  is  a  strip  along 
whose  northern  boundary  there  is  a  considerable  (n")  northern  deflec- 
tion, and  on  the  southern  border  a  southerly  deflection  of  10".  It  is 
^apposed  that  alo  ng  this  belt  there  must  be  a  vast  extent  of  matter  of 
wmparatively  small  density,  or  underlying  it  great  cavities. 

The  most  elaborate  investigatiou  of  local  deflection  of  the  plumb  line 
'18  made  in  the  Caucasus  by  General  Stebnizki  and  published  in  the 
Heoioirs  of  the  St.  Petersburg  Academy  of  Sciences  for  ISTO.  From 
the  Boalysis  of  the  astronomic  and  trigonometric  operations  executed 
on  both  sides  of  the  principal  Caucasian  ridge  it  became  evident  that, 
in  general,  to  the  north  of  the  mountains  there  exists  a  deflection  to 
the  south  and  on  the  south  an  opposite  deflection.  Tbe  greatest  dis- 
crepancies in  the  astronomic  and  geodetic  latitudes  proved  to  be  in 
Vladikaukasus,  — 35".76;  in  Alexandrovsk»ja,  — 1S".14;  in  Petrovt, 
-1S".56;  and  in  Dushet,  +18".29.  Availiut;  himself  of  the  surveys 
already  executed  furnishing  a  great  number  of  very  accurately  deter- 
mined points,  General  Stebnizki  computeil  tbe  efl'ect  which  tbe  attrac- 
tion of  the  exterior  mountainous  mass  would  have  npon  the  astronomic 
^titode  of  the  difl'erent  stations.  In  these  computations  no  attracting 
mass  was  considered  which  was  distant  more  than  240  versts,  while  the 
chief  disturbing  causes  were  frequently  found  to  lie  within  a  circle  with 
aradiusof  SO  versts,  the  station  occupying  the  central  point.  It  was 
found  that  the  greater  part  of  the  noted  discrepancies  were  sufficiently 
*ccoQDted  for  by  the  law  of  attraction  having  regard  to  the  exterior 
■Dttsalone.  Id  the  cases  just  cited  the  computed  differences  reduced 
IheataUonerrorstoS",-!'  .31,-|-2".15and  — 0".8C.   But  thereareother 
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statioDS  where  the  uompnted  attraction  is  (.-itber  iiisufflcieDt  for  tbc  ei- 
plaiiatioQ  of  the  observed  discrepancy  or  even  contradicts  it.  Among 
sach  statious  the  following  arc  remarkable: 
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As  all  of  these  stations  lie  approximately  on  the  same  parallel,  and 
each  showed  a  strong  deftectioii  to  tho  south,  there  must  lie  totliesonUi 
under  the  surface  of  t  be  earth  an  extent  of  matter  of  great  denxit;,  or 
to  the  north  nnder  the  Oaacasian  ridge  a  mass  of  less  density.  The 
latter  hypothesis  has  found  a  parallel  in  the  deflections  observeil  near 
the  foot  of  the  Himalaya  Mountaina.  Besides  the  latitude  deflectious, 
General  Stebnizki  calculated  the  deflections  of  the  vertical  at  longitnde 
stations,  bnt  their  namber  so  far  is  insufficient  to  serve  as  a  basis  fw 
generalization. 

For  more  than  a  century,  the  pendulum  has  been  regarded  in  Rns^a 
as  a  geodetic  instrnment  of  great  ralae,  but  no  very  accurate  obserra- 
tious  were  made  prior  to  lS26-'29,  when  Captain  Lutke  made  acrnise 
around  the  world  on  the  man-ofwar  Seniarin.  He  swang  a  Knter 
pendulum  at  ten  stations.  The  results,  published  in  18-'t3,  gave  for  tbe 
ellipticity  1 :  267,8,  or  1 :  269  if  two  somewhat  doubtful  stations  are 
disregarded.  Besides  the  desultory  observations  of  Professor  Parrot 
of  Dorpat  in  1829,  nothing  of  consequence  was  attempted  until  1865-'6S, 
when  the  Aca<1emy  of  Sciences  of  St.  Petersburg  sent  out  an  espeditioD 
in  charge  of  Sawitch,  Smyslow,  and  Lenz.  They  selected  iweke 
stations  along  the  great  Bussian  meridional  arc  (Tomea,  Nicolaistad, 
St.  Petersburg,  Reval,  Dorpat,  Jakobstadt,  Vilna,  Belin,  Kremenel/- 
Kishener,  Eamenetz  and  Ismail),  and  employed  a  reversible  Repsold 
liendnlum,    Tbe  results  1  :  309  for  the  ellipticity  of  the  earth. 

Since  this  time,  many  observations  have  been  made  in  various  portion? 
of  the  Russian  domain,  and  with  tbe  pendulum  work,  as  with  all  other 
branches  of  geodetic  operations,  the  best  methods  soon  find  a  place,  and 
results  are  obtained  that  are  comparable  with  those  of  any  country.       | 
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By  C.  V.  BoTs,  F.  R.  8. 


Id  almost  all  iuTestigations  which  the  pbysicUt  carries  ont  in  the  lab- 
oratory, he  has  to  deal  with  and  to  measure  with  accuracy  those  subtle 
and  to  our  senses  inappreciable  forces  to  which  tho  so-called  laws  of 
natare  give  rise.  Whether  he  is  observiog  by  an  eleetrometer  the  be- 
liavior  of  electricity  at  rest,  or  by  a  gatrauometer  the  action  of  elec- 
tricity Id  motion;  whether  in  thetubeofCrookeshe  is  investigating  the 
pover  of  radiant  matter,  or  with  the  famous  experiment  of  Cavendish 
be  is  finding  the  mass  of  the  earth — in  these  and  in  a  host  of  other  cases 
be  13  bound  to  measure  with  certainty  and  accuracy  forces  so  small  that 
in  no  ordinary  way  could  their  existence  be  detected;  while  disturbing 
caoses  which  might  seem  to  be  of  no  particular  cousequence  mast  be 
eliminated  if  his  experiments  are  to  have  any  value.  It  is  not  too 
much  to  say  that  the  very  existence  of  the  physicist  depends  upon  the 
poser  which  he  possesses  of  producing  at  will  and  by  artificial  means 
forces  against  which  he  balances  those  that  he  wishes  to  measure. 

I  liad  better  perhaps  at  once  indicate  in  a  general  way  the  magnitude 
of  the  forces  with  which  we  have  to  deal. 

The  weight  of  a  single  grain  is  not  to  our  senses  appreciable,  while 
tbe  weight  of  a  ton  is  sufficient  to  crush  the  life  ont  of  anyone  in  a 
tDoment.  A  ton  is  about  15,000,(KM>  grains.  It  is  (juile  [wssible  to 
measorewith  unfailing  accuracy  forces  which  bear  the  same  relation  to 
U>e  weight  of  a  grain  that  a  grain  bears  to  a  ton. 

To  show  how  the  torsion  of  wires  or  threads  is  made  use  of  in  meae- 
oring  forces,  I  have  arranged  what  I  can  hardly  dignify  by  the  name  of 
an  experiment.  It  is  simply  a  straw  hung  horizontally  by  a  piece  of 
*ire.  Besting  on  the  straw  is  a  fragment  of  slieet-irou  weighing  10 
gt^Ds.  A  magnet  so  weak  that  it  can  not  lift  the  iron  yet  is  able  to 
pull  the  straw  round  through  an  angle  so  great  that  the  existence  of  the 
feeble  attraction  is  evident  to  everyone  in  the  room. 

Sow  it  is  clear  that  if,  iustead  of  a  straw  moving  over  the  table  simply, 

'UctDredeliTeredatllieRoyairiiHtJtiitLon.onFriclay,  Jtiiit  14,  IPb!).  (From  A'alurr, 
Jnljll,  1889,  BDd October  16,  1890,  voIb.  xl,  pp.WT-USl.aua  xui,  pp.  OW-608.) 
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we  iiad  here  an  arm  in  n  glass  case  and  a  mirror  tu  read  the  motion  of 
the  arm,  it  voald  be  easy  to  observe  a  movement  a  butidre<l  or  a  tboa- 
sand  times  less  than  that  just  produced,  and  therefore  to  meaeorea 
force  a  handred  or  a  thonsand  times  less  than  that  exerted  by  thia  feeble 
magnet 

Again,  if  instead  of  wire  as  thick  as  an  ordinary  piu  I  had  used  the 
finest  wire  that  can  be  obtained,  it  would  have  opposed  the  movement 
of  the  straw  with  a  far  less  force.  It  is  possible  to  obtain  wire  ten  times 
finer  than  this  stubborn  mateiial,  but  wire  ten  times  finer  is  mnch  more 
than  ten  times  more  easily  twisted.  It  is  ten  thousand  times  moreeasilj 
twisted.  This  is  because  the  torsion  varies  as  the  fourth  power  of  tbe 
diameter,  so  we  say  10x10  =100;  100x100  =  10,000.  Therefore  with 
tbe  finest  wire,  forees  10,000  times  feebler  still  conld  be  observed. 

It  is  therefore  evident  how  great  is  the  advantage  of  redncing  the 
size  of  a  torsion  wire.  Even  if  it  is  only  halved  the  torsion  is  redneed 
sixteen-fold.  To  give  a  better  idea  of  the  actual  sizes  of  such  wirr b  and 
fibers  as  are  in  nse  I  shall  show  upon  the  screen  a  series  of  photographs 
taken  by  Mr.  Chapman,  on  each  of  which  a  scale  of  thonsandthsofaa 
inch  bas  been  printed. 


■     ' 


I 


The  first  photograph  (Fig.  1)  is  an  ordinary  hair — a  stifficiently  familiar 
object,  and  one  that  is  generHlly  spoken  of  as  if  it  were  rather  fine. 
Much  lin^r  tlian  this  is  the  specimen  of  copper  wire  now  on  the  screen 
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{Fig.  2),  wbicb  I  recently  obtained  from  Messrs.  yaUler  Brotbers.  It  is 
only  a  little  over  ODe-tbousandth  of  ao  incb  in  diameter.  Ordinary 
span  glass,  a  most  beautifnl  material,  is  about  one-tLoosatidtb  of  an 
iDch  in  diameter,  aud  this  would  appear  to  be  an  ideal  torsion  thread 
(Pit;.  3).  Owing  to  it«  fineness  its  torsion  would  be  estreuiely  small, 
and  tbe  more  so  because  glass  is  more  easily  deformed  tban  metals. 
Owing  to  its  very  great  strengtb,  it  can  carry  heavier  loads  tban  would 
be  expected  of  it.  I  imagine  many  physicists  must  have  turned  to  this 
material  in  their  endeavor  to  find  a  really  delicnte  torsion  thread.  I 
kare  so  turned  only  to  be  disapiMinted.  It  has  every  good  quality  but 
one,  and  that  is  ita  imperfect  elasticity.  Forinstance,  a  mirror  hung 
by  a  piece  of  spun  glass  is  casting  an  image  of  a  spot  of  light  on  tbo 
Bcate.  If  I  turn  the  mirror,  by  means  of  a  fork,  twice  to  the  right,  aad 
tben  turn  it  back  ag^iu,  tbe  light  does  not  come  back  to  its  old  poiut 
of  rest,  but  oscillates  about  a  poiut  on  one  side,  which  however  is 
slowly  changing,  so  that  it  is  impossible  to  say  what  the  point  of  rest 
really  is.  Further,  if  tbe  glass  is  twisted  one  way  first,  and  then  the 
other  way,  the  poiut  of  rest  moves  in  a  manner  which  shows  that  it  is 
not  inflnenced  by  tbe  last  deflection  alone ;  the  glass  remembers  what 
was  done  to  it  i)reviously.  For  this  reason  spun  glass  is  quite  unsuit- 
able as  a  torsion  thread  ;  it  is  impossible  to  say  what  the  twist  is  at 
any  time,  aud  therefore  what  Is  the  force  developed. 

So  great  has  the  difficulty  been  in  finding  a  fine  torsion  thread  that 
the  attempt  baa  been  given  up,  and  in  all  the  most  exact  Instrnmeuts 
silk  has  been  osed.  The  natural  cocoon  fibers,  as  shown  on  the  screen 
(Fig.  4),  consist  of  two  irregular  lines  gummed  together, 
each  about  one  two  thousandth  of  an  inch  in  diameter. 
These  fibers  must  be  separated  from  one  another  and 
washed.  Theu  each  component  will,  according  to  the  ex- 
periment of  Gray,  carry  nearly  60  grains  before  breaking, 
and  can  be  safely  loaded  with  15  grains.  Silk  is  there- 
fore very  strong,  carrying  at  tbe  rate  of  from  10  to  20  tons 
to  the  square  inch.  It  is  further  valuable  in  that  its  tor- 
sion is  far  less  than  that  of  a  fiber  of  tbe  same  size  of  metal 
or  even  of  glass,  if  such  could  be  produced.  The  torsion 
of  uilk,  though  exceedingly  small,  is  quite  sufficient  to 
upset  the  working  of  any  delicate  instrument,  because  it  is 
never  constant.  At  one  time  the  fiber  twists  one  way,  and 
another  time  in  another,  and  the  evil  effect  can  only  be 
mitigated  by  using  large  apparatus  in  which  strong  forces 
are  developed.  Any  attempt  that  may  be  made  to  increase 
the  delicacy  of  apparatus  by  reducing  their  dimensions  is 
at  once  prevented  by  the  relatively  great  importance  of  the 
vagaries  of  the  silk  anspeusion. 

The  rtsolt  then  is  this.    The  smallness,  the  length  of 
period,  and  therefore  delicacy,  of  the  instrument!)  at  the 
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phynicist's  Jieposa)  bave  until  latel;  been  simply  limited  b;  tbe  beharior 
of  silk.  A  more  perfect  eu6 pension  means  still  more  perfect  iustrnments, 
and  therefore  advance  iu  knowledge. 

It  was  in  this  way  that  some  improvements  that  I  was  making  in  an 
instrument  for  measuring  radiant  heat  came  to  a  dead-lock  about2yeu8 
ago.  I  would  not  use  silk,  and  I  could  not  find  anything  else  that  would 
do.  Spun  glass  even,  was  far  too  coarse  for  uiy  purpose ;  it  wiu  a 
thousand  times  too  stiff. 

There  is  a  material  invented  by  WoUaston  long  ago,  which  bowevet 
I  did  not  try  because  it  is  so  easily  broken.  It  is  platinum  wire  which 
has  been  drawn  iu  silver,  and  finally  separated  by  the  action  of  nitric 
acid.  A  specimen  about  the  size  of  a  single  line  of  silk  is  now  on  the 
screen,  showing  the  silver  coating  at  one  end  (Fig,  5). 

As  untbing  that  I  knew  of  could  be  obtained  that  wonld  beof  naeio 
me,  I  was  driven  to  the  necessity  of  trying  by  experiment  to  find  some 
new  material.  Tbe  result  of  these  experiments  was 
the  development  of  a  process  of  almost  ridicolonG 
simplicity  which  it  may  beofinterest  formetoshow. 
The  apparatus  consists  of  a  small  cross-bow,  and 
an  arrow  made  of  straw  with  a  needle  point-  To 
the  tail  of  tbe  arrow  is  attached  a  fine  rod  of  qnartz 
which  has  been  melted  and  drnwo  out  in  the  oxj- 
hydrogen  jet.  I  have  a  piece  of  the  same  material 
iu  my  hand,  and  now  after  melting  tbeir  ends  and 
joiuing  tbem  together,  an  operation  which  produces 
a  beautiful  and  dazzling  light,  all  I  have  to  do  is  to 
liberate  the  string  of  the  bow  by  pulling  the  trigger 
with  one  foot,  and  then  if  all  is  well  a  fiber  will  hare 
been  drawn  by  tbe  arrow,  tbe  existence  of  which  cau 
be  made  evident  by  fastening  to  it  a  piece  of  stamp 
pai>er. 

In  this  way  threads  can  be  i>roduced  of  great 
length,  of  almost  any  degree  of  fineness,  of  extraor- 
dinary uniformity,  aud  of  enormous  strength.  I  do 
not  believe,  if  any  experimentHlist  had  been  prom- 
ised by  a  good  fairy  that  he  might  bave  anytJiing  he 
desired,  that  be  would  have  ventured  to  ask  for  any 
one  thing  with  so  many  valuable  properties  as  theae 
fibers  possess.  I  bope  in  the  course  of  this  evening 
to  show  that  I  am  not  exaggerating  their  merits. 

In  the  first  place,  let  me  say  something  about  the 

degree  of  fineness  to  which   they  can  be  drairiL 

Tbere  is  now  projected  upon  the  screen  a  quarti 

fiber  one  flve-tbousandtb  of  an  inch  iu  diameter  (Fig. 

6).    This  is  one  which  I  had  in  constant  use  in  an  instrument  loaded 

with  about  30  grains.     It  has  a  t^ection  only  one-sixth  of  that  of  a  single 
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lioe  of  sitk,  aod  it  is  Just  as  strong,    ^ot  bciDg  or- 
ganic, it  is  in  no  nay  affected  by  cbaugtis  of  moisture 

and  temperatare,  aii<l  so  it  is  fnte  from  tbe  vagaries 

of  gilb  which  give  so  mach  trouble.    The  piece  useil 

Id  tbe  inBtrameot  was  about  16  inches  loug.    Had  it 

been  necessary  to  employ  spun  glass,  which  hitherto 

was  the  finest  torsion  material,  then,  instead  of  IG 

JDches,  I  should  have  required  a  piece  1,000  feet  long, 

and  an  instrument  as  higb  as  the  Eiffel  tower  to  put 

it  io. 
There  is  no  difficulty  in  obtaiuing  pieces  as  fine  as 

tfiis,  yards  loug  if  required,  nor  iu  spinning  it  very 

mach  finer.    There  is  upon  the  screen  a  single  liue 

made  by  the  small  garden  spider,  and  the  size  of  this  is 

perfectly  evident  (Fig.  7).    You  now  see  a  quartos  fiber 

refiner  than  this,  or,  rather,  you  se^  a  diffraction  phe- 
nomenon, for  no  true  image  is  formed  at  all ;  bat  even 
lEiig  is  a  conspicuous  object  in  comparison  with  the 
tapering  ends,  which  it  is  absolutely  impossible  to 
trace  in  a  microscope.  The  next  two  photographs, 
taken  by  Mr.  Nelson,  whose  skill  and  resources  are 
so  famous,  represent  the  extreme  end  of  a  tail  of  quartz,  and  though 
tbe  scale  is  a  great  deal  larger  than  that  used  iu  tbe  other  photographs, 
the  end  will  be  visible  only  to  a  few.  Mr.  Nelson  has  photographed 
liere  what  it  is  absolutely  impossible  to  see.  What  the  size  of  theise 
ends  may  be  1  have  no  means  of  telling.  Dr.  Boyston  Figgott  bas 
estimated  some  of  them  at  less  tbao  one-milliouth  of  au  inch,  but  what- 
erer  they  are  they  supply  for  the  first  time  objects  of  extreme  emalluess 
tbe  form  of  which  is  certainly  known,  and  therefore  I  can  not  help  look- 
ing upon  them  aa  more  satisfactory  tests  for  the  microscope  thau 
diatoms  and  other  things  of  tbe  real  shape  of  which  wo  know  nothing 
"batever. 

Since  figures  as  large  as  a  millioa  can  not  be  realized  properly,  it  may 
be  worth  while  to  give  au  illustraliou  of  what  is  meant  by  a  fiber  one- 
millionth  of  an  iuch  in  diameter. 

A  piece  of  quartz  an  inch  loug  and  an  inch  iu  diameter  would,  if 
drawn  ont  to  this  degree  of  fiueuess,  be  sufficient  to  go  all  the  way 
ntondthe  world  658  times;  or  a  grain  of  sand  just  visible — that  is,oue- 
bandredth  of  au  inch  long  aud  oue-hnudredtb  of  ati  inch  in  diameter — 
voald  make  1,000  miles  of  such  thread.  Further,  the  pressure  inside 
SQch  a  thread  due  to  a  surface  tension  equal  to  that  of  water  would  be 
60  atmospheres. 

Groing  back  to  sncfa  threads  as  can  be  used  in  instruments,  I  have 
made  use  of  fibers  one  teu-tbousauth  of  an  inch  iu  diameter,  and  in 
tbese  the  torsion  is  10,000  times  less  than  that  of  spun  glass. 

As  these  fibers  are  made  finer  their  strength  increases  in  proportion 
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to  their  size,  and  sarpassea  that  of  ordinary  bar  steel,  reaching,  to  use 
the  langnage  of  engiDeers,  as  high  a  flgare  asSO  tons  to  the  inch.  Fibers 
of  ordinary  size  have  a  strength  of  50  tons  to  the  inch. 

While  it  is  evident  that  these  fibers  give  us  the  means  of  prodacing 
an  exceedingly  small  torsion,  and  one  that  is  Dot  affected  by  weatlier, 
it  is  not  yet  evident  that  they  may  not  show  the  same  fotigne  tbat 
makes  spun  glass  useless.  I  have  therefore  a  duplicate  apparatas  with 
a  Quartz  fiber,  and  you  will  see  that  the  spot  of  light  comes  back  to 
its  tme  place  on  the  screen  after  the  mirror  has  been  twisted  round 
twice. 

I  shall  DOW  for  amoment  draw  your  attentioD  to  that  pecoliar  property 
of  melted  quartz  that  makes  threads  such  as  I  have  been  describing  a 
possibility.  A  liquid  cyliader,  as  Plateau  has  so  beaatifnlly  shown,  is 
an  unstable  form.  It  cau  no  more  exist  than  can  a  pencil  stand  on  its 
point.  It  immediately  breaks  up  into  a  series  of  spheres.  This  is  well 
illustrated  in  that  very  ancient  expertment  of  shooting  threads  of  resin 
electrically.  When  the  reaiu  is  hot,  the  liquid  cylinders  which  are  pro- 
jected in  all  directions  break  up  into  spheres,  as  you  see  now  n)>on  the 
screen.  As  the  resin  cools  they  begin  to  develop  tails ;  and  when  it 
is  cool  enough,  i.  e.,  sufficiently  viscous,  the  tails  thicken,  aud  the  beads 
become  less,  and  at  last  uniform  threads  are  the  result.  The  aeries  of 
photographs  show  this  well. 

There  is  a  far  more  perfect  illustration  which  we  have  only 
to  go  into  the  garden  to  find.  There  we  mayseeiuabundanoe 
what  is  now  upon  the  screen — the  webs  of  those  beantifU  geo- 
metrical spiders.  The  radial  threads  are  smooth,  like  the  one 
you  saw  a  few  minutes  ago,  but  the  threads  that  go  round 
and  round  are  beaded.  The  spider  draws  these  webs  slowly, 
and  at  the  same  time  ponrs  upon  them  a  liquid,  and  still 
further  to  obtaiu  the  effect  of  launching  a  liquid  cylinder  in 
space  he,  or  rather  she,  pulls  it  out  like  the  string  of  a  bow, 
and  lets  it  go  with  a  jerk.  The  liquid  cybnder  can  sot  exist, 
and  the  result  is  what  you  now  see  upon  the  screen  (Fig.  8). 
A  more  perfect  illustration  of  the  regular  breaking  up  of  a 
liquid  cylinder  it  would  be  impossible  to  find.  The  beads 
are,  as  Plateau  showed  tiiey  ought  to  be,  alternately  large 
and  small,  and  their  regularity  is  marvellous.  SotnetimeB 
two  still  smaller  beads  are  developed,  as  may  be  seen  in  the 
second  ])botograph,  thus  completely  agreeing  with  the  reaolta 
of  Plateau's  investigations. 
i  I  have  heard  it  maintained  that  the  spider  goes  round  ber 

If  web  aud  places  these  beads  there  afterwards.    Bnt  siuoe  a 

Fio.8.  web  with  about  360,000  beads  is  completed  in  an  hour — that 
is,  at  the  rate  of  about  100  a  second — this  does  not  seem  likely.  TliU 
what  I  have  said  is  true,  is  made  more  probable  by  the  photograph  ei 
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I  beaded  web  that  I  have  made  myself  by  simpty  stroking 
a  qaarts  fiber  with  a  straw  wetted  with  castor  oil  ^Fig.  9). 
It  ia  rather  larger  than  a  spider  line;  bat  I  hare  made 
beaded  tlireads,  neiog  a  fine  fiber,  qaite  iDdistiDgnishable 
from  a  real  spider  web,  and  they  have  the  fbrtber  similarity 
Ihat  tbey  are  jast  as  good  for  catching  flies. 

Xow,  going  back  to  the  melted  qaartz,  it  ia  evident  that 
if  it  ever  became  perfectly  liQoid  it  coald  not  exist  as  a 
lilKYfor  an  instant.  It  is  the  extreme  viscosity  of  quartz, 
at  tlie  beat  even  of  an  electric  arc,  that  makes  these  fit>ers 
poralble.  The  only  difference  betn-een  quartz  in  the  oxy- 
h^dn^en  jet,  and  quartz  in  the  arc,  is  that  in  the  first  you 
make  threads  and  in  the  second  are  blown  bubbles.  I  Iiavo 
Id  my  hand  aome  microscopic  babbles  of  qnartz  showing  all 
tlie  perfection  of  form  and  color  that  we  are  familiar  with  in 
the  soap  babble. 

Ad  invaluable  property  of  qnartz  ia  its  power  of  insniating 
pprfectly,  even  in  an  atmosphere  saturated  with  water.    The 
gold  leaves  now  diverging  were  charged  some  time  before 
thelectare,  and  hardly  show  any  change,  yet  the  insulator     ^"''°' 
iiarod  of  quartz  only  three- quarters  of  an  inch  long,  and  the  air  is 
iiq)t  moist  by  adiah  of  water.    The  qnartz  may  even  be  dipped  in  the 
vain  and  replaced  with  the  water  n]>on  it  without  any  difference  in 
tbe  insulation  being  ol>8erTed. 

Kot  only  can  fibers  be  made  of  extreme  fineness,  but  they  are  won- 
derfully uniform  in  diameter.'  80  uniform  are  they  that  they  perfectly 
ttaQd  an  optical  test  so  severe  that  irregnlaritiee  inviaible  in  any  mi- 
eroacope  wonld  immediately  be  made  apparent.  Everyone  must  h.iv(i 
iKiUced  when  the  sun  ia  shining  u|)on  a  bonier  of  llon-ers  and  shrubs 
hovthe  lines  which  spiders  use  as  railways  to  travel  from  place  to 
place  glisten  with  brilliant  colors.  These  colors  are  only  produced  when 
the  fibers  are  sufficiently  fine.  If  you  take  one  of  these  webs  and  exam- 
ine it  in  the  sunlight,  yon  will  find  that  the  colors  are  variegatcil,  and 
Uie  effect  oonsequcnllyia  one  of  great  lieauty. 

A  quartz  fiber  of  about  the  same  size  shows  colors  in  the  same  way, 
bat  the  tint  is  perfectly  uuiform  on  the  fiber.  If  the  color  of  the  fiber 
itexamined  with  a  prism,  the  spectrum  is  found  to  consist  of  alternate 
Iwightand  dark  bands.  Upon  the  screen  are  photographs  tnkcu  by 
Mr.  Briscoe,  a  student  in  the  laboratory  of  South  Kensington,  of  the 
QK.'ctra  of  Bome  of  these  fibers  at  different  angles  of  incidence.  It  will 
baseen  that  coarse  fibers  have  more  bands  than  fine,  and  that  the  num- 
ber increases  with  the  angles  of  incidence  of  the  light.  There  arepecn- 
listiUea  in  the  march  of  the  bands  aa  the  angle  increases  whioh  I  can 
not  describe  now.  I  may  only  say  that  they  appear  to  move  not  uni- 
ronnly  bat  in  waves,  presenting  very  much  the  apiiearance  of  a  cater- 
pillar walking. 
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Soaoiform  are  the  qaarts  fibers  that  the  spectrum  from  end  to  end 
consists  of  parallel  bands.  Occasiooatly  a  fiber  is  foand  wbicit  preseiits 
a  slight  irregnlarity  here  aod  there.  A  spider  line  is  so  irregnlfU' tbtt 
these  bands  are  hardly  obseri'able ;  but  as  the  photograph  on  the 
itoreen  shows,  it  is  jiosBible  to  trace  them  runuing  iip  and  dowD  tbe 
spectrum  when  yon  know  what  to  look  for. 

To  show  that  these  loiigftudiual  bands  are  dae  to  the  irregalaritita, 
I  have  drawn  a  taper  piece  of  quartz  by  liatit),  iu  which  the  two  edg« 
make  with  one  another  an  almost  imperceptible  angle,  and  the  spen- 
tram  of  this  shows  the  gradnnl  change  of  diameter  by  tbe  very  sttep 
angle  at  which  the  bands  run  up  the  spectrum. 

Into  the  theory  of  the  development  of  these  bands  I  am  unftUe  to 
enter;  that  is  a  subject  upon  which  yonr  professor  of  natani  philiK- 
opby  is  best  able  to  speak.  Perhaps  I  may  venture  to  express  the 
hope,  as  the  ezt>erimental  investigation  of  this  snbject  ia  now  rendered 
possible,  that  he  may  be  induced  to  carry  out  a  research  for  vhidi  be 
is  so  eminently  fitted. 

Though  this  is  a  subject  which  is  altogether  beyond  me,  1  have  been 
able  to  use  the  resalts  in  a  practical  way.  When  it  is  required  to  pliee 
into  an  instrument  a  fiber  of  any  particular  size,  all  that  has  to  be  dow 
is  to  hold  the  frame  of  fibers  toward  a  bright  and  distant  light,  ud 
look  at  them  through  a  low-angled  prism.  The  banded  spectra  rk 
then  visible,  and  it  is  the  work  of  a  moment  to  pick  ont  one  witfa  tbe 
number  of  bands  that  has  been  funnd  to  be  given  by  a  fiber  of  tbe  de- 
sired size.  A  coarse  fiber  may  have  a  dozen  or  more,  while  sucb  flben 
as  I  find  most  useful  have  only  two  dark  bands.  Mach  finer  cmetei- 
ist,  showing  the  colors  of  the  first  order  with  one  dark  baod ;  and  fibtn 
so  fine  as  to  corresiMiud  to  the  white  or  even  the  gray  of  NevtonV 
scale  are  easily  produced. 

Passing  now  from  the  most  scientific  test  of  the  uniformity  of  thetf 
fibers,  I  shall  next  refer  to  one  more  homely.  It  )s  simply  this:  M 
common  garden  spider,  except  when  very  yoang,  can  not  climb  upoMi 
of  the  same  size  as  the  web  on  which  she  displays  such  activity.  St^ 
is  perfectly  helpless,  and  slips  down  with  a  rnn.  After  vainly  tiyi4 
to  make  any  headway,  she  finally  puts  her  hands  (or  feet)  iuto  be^ 
month,  and  then  tries  again,  with  no  better  success.  I  may  meotirt 
that  a  male  of  tbe  same  species  is  able  to  ran  op  one  of  these  with  tU 
greatest  ease,  a  feat  which  may  perhaps  save  the  lives  of  a  few  of  tboH 
unprotected  creatures  when  quartz  fibers  are  more  common. 

It  ia  possible  to  make  any  quantity  of  very  floe  quartz  fiber  withool 
a  bow  and  arrow  at  all,  by  simply  drawing  out  a  rod  of  quartz  ov«i 
and  over  again  in  a  strong  oxyhydrogen  jet.  Then,  if  a  stand  of  an] 
sort  has  been  placed  a  few  feet  in  front  of  the  jet,  it  will  be  found  oov> 
ered  with  a  maze  of  thread,  of  which  the  photograph  ou  tbe  acreen  rep 
»  sample.    This  is  hardly  disiiuguisbable  from  the  web  spot 
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bf  tbismftgfiifloeiit  spider  in  corners  of  greenhouses  and  such  places. 
fiyfegalatiDgtbejetsndtlieuiaDipQlaUoQ,aDythiiig  from  one  of  these 
stnoded  cables  to  a  single  nltra-microecope  line  may  be  developed. 

And  sow  that  I  have  ezplaioed  that  these  fibers  have  saoh  valuable 
pnperties,  it  will  no  doabt  be  expected  that  I  shonld  perform  some 
feat  vitb  their  aid  which,  np  to  the  present  time,  has  been  considered 
impossible,  and  tbis  I  intend  to  do. 
Of  all  experiments  the  one  which  has  most  excited  my  admiration  is 
(be  fmoas  experiment  of  Cavendish,  of  which  I  have  a  full-size  model 
beftfeyoo,  'Jlie  object  of  this  experiment  is  to  weigh  the  earth  by 
eoiDpsriDg  directly  the  force  with  which  it  attracts  things  with  that 
dse  to  large  masses  of  lead.  As  is  shown  by  the  model,  any  attraction 
wbich  diese  large  balls  exort  on  the  small  ones  will  tend  to  deflect  tbis 
S-foot  beam  in  cue  direction,  and  then  if  the  balls  are  reversed  in  post- 
tieii  the  deflection  will  be  in  the  other  direction.  Now,  when  it  is  oon> 
■idered  how  enormously  greater  the  earth  is  than  these  balls,  it  will  be 
(TiileDt  that  the  attraction  dae  to  them  must  be  in  comparison  excesa- 
inly  small.  To  make  this  evident  the  enormous  apparatus  you  see 
lud  to  be  constructed,  and  then,  using  a  fine  torsion  wire,  a  perfectly 
eertuD  but  small  effect  was  produced.  The  experiment  howevercoald 
onlj  be  Bacoeasfhlly  carried  out  in  cellars  and  underground  places, 
iKouue  changes  of  ttimperatore  prodnced  effects  greater  than  those 
doe  to  gravity.* 

Kow  I  have-^D  a  bole  in  the  wall — an  instrument  no  bigger  than  a 
plTuometer,  of  which  a  model  is  on  the  table.  The  balls  of  the  Cav- 
Bodisfa  apparatas,  weighing  several  hundredweight  each,  are  replaced 
^balls  weighing  1|  pounds  only.  The  smaller  balls  of  1^  pounds  are 
unseed  by  littlo  weights  of  15  grains  each.  The  6-foot  beam  is  re- 
priced by  one  that  will  swing  rouud  freely  in  a  tube  three-quarters  of 
HiDch  in  diameter.  The  beam  is,  of  coarse,  suspended  by  a  qnartz 
Ibre.  With  this  microscopic  apparatus,  not  only  is  the  very  feeble 
Htniction  ot>servable,  but  I  can  actually  obtain  an  effect  eighteen  times 
■(  great  as  that  given  by  the  apparatas  of  Cavendish,  and,  what  is 
■ore  important,  the  accuracy  of  observation  is  enormously  increased. 
The  light  from  a  lamp  passes  through  a  telescope  lens  and  falls  on 
he  mirror  of  the  instrument.  It  is  reflected  back  to  the  table,  and 
kence  by  a  fixed  mirror  to  the  scale  on  the  wall,  where  it  comes  to  a 
bens.  If  the  mirror  on  the  table  were  plane,  the  whole  movement  of 
k  light  wonld  be  only  abont  8  inches,  but  the  mirror  is  convex,  and 
bs  magnifies  the  motion  nearly  eight  times.  At  the  present  moment 
he  attracting  weights  are  in  one  extreme  position,  and  the  line  of  light 
^niet.  I  will  now  move  them  to  the  other  position,  and  yon  will  see 
he  result — the  light  slowly  begins  to  move,  and  slowly  increases  in 

'Dt,  Lodg«  b»a  been  kble,  by  an  elaborate  arrangemeDt  of  acreeua,  to  make  this 
ttnetioii  Jut  ATident  to  m  aadience.— C.  V,  B, 
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morement.  Id  40  eeconda  it  vill  have  acquired  its  higbett  velodty, 
and  in  40  mora  it  will  have  stopped  at  6  feet  8^  ioefaes  from  tti«  itart- 
iog  point,  after  which  it  will  slowly  move  back  again,  osdllatiog  aboot 
its  Dew  position  of  rest 

It  is  not  possible  at  this  hoar  to  enter  into  any  oalcolationg;  Iwill 
only  say  that  the  motion  you  have  seen  is  the  effect  of  a  force  of  leu  tbu 
one  ten-millionth  of  the  weight  of  a  grain,  and  that  with  this  appmbt 
I  can  detect  a  force  two  thoasand  times  smaller  still.  There  would  l« 
no  difflcnlty  even  in  showing  the  attraction  between  two  No.  6  shot 

And  now  in  conclasion,  I  wonid  only  say  that  if  there  ia  anytking 
that  is  good  in  the  experiments  to  which  1  have  this  eveniog  directed 
year  attention,  experiments  coodacted  largely  with  sticks  andstriog 
and  straw  and  seating-wax,  I  may  perhaps* be  pardoned  if  I  exprewmj 
oonvietioD  that  in  these  days  we  are  too  apt  to  depart  ftvni  the  ample 
ways  of  oar  fathers,  and  instead  of  following  them,  to  fall  down  and 
worship  the  brazea  i^nage  which  the  inBtrnment-malcer  hath  set  up. 

Before  I  enter  upon  the  subject  upon  which  I  have  to  address  yon,  I 
wish  to  point  out  that,  quite  apart  from  any  deficiency  on  my  partvhiek ' 
will  be  only  too  apparent  in  the  coarse  of  the  eveniug,  it  is  my  intet' 
tiOQ  to  commit  two  faults  which  may  welt  he  considered  uupardooabli 
In  the  first  place,  I  shall  speak  entirely  about  my  own  experiments,  btm 
though  I  know  that  the  iteration  of  the  first  personal  pronoun  for  tk 
space  of  one  hour  is  apt  to  be  as  monotonous  to  an  audieooe  as  it  ii 
wanting  in  taste  on  the  part  of  a  lecturer.  In  the  second  place,  1  •« 
going  almost  to  depend  upon  the  motions  of  a  spot  of  light  to  illutnti 
the  actions  which  I  shall  have  to  describe,  in  spite  of  the  fact  that  it  ti 
impossible  for  an  audience  to  get  np  any  enthusiasm  when  watchi^ 
the  wandering  motion  of  a  spot  of  light  the  result  of  the  monipolMiiB 
of  a  mystery  box,  of  which  it  is  impossible  to  see  the  inside.  "DM 
however  are  faulte  which  are  the  immediate  consequence  of  the  nata 
of  my  subject 

Pbysiclste  deal  very  largely  with  the  measurement  of  extremely  i 
nute  forces,  which  it  is  of  the  utmost  importance  that  they  should  bei  ~ 
to  measure  accurately.  Now,  forces  may  be  considered  under  ti 
aspects.  It  may  be  that  the  force  which  is  developed  and  wbicb  b 
to  be  measured  is  a  twist,  in  which  case  the  twisting  force  may  be 
plied  to  the  eud  of  a  wire  directly,  when  the  amount  through  wk 
tbat  wire  is  twisted  is  a  measure  of  the  twisting  force.  Or  the  (be 
may  be  a  direct  pull  or  a  push,  which  may  also  be  measured  by  tl 
twist  of  a  wire  if  it  is  applied  to  the  end  of  a  lever  or  arm  carried  by  ti 
wire. 


D  September  8,  1890,  at  tbe  L»eda  meetiag of  tb«  BritMU 
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How  BBppoBiDff  that  the  force — whether  of  the  natareof  a  twist  or  of 
a  poll  (it  does  not  matter  which )^8  too  small  to  protlace  aa  appreciable 
tvistiD  the  wire,  it  is  obvioas  that  a  finer  wire  must  be  employed,  bet 
it  is  not  obvioas  how  much  more  easily  a  fine  wire  ia  twisted  than  a 
cDorBe  ona  If  the  fine  wire  is  ose-tentli  of  the  diameter  of  the  coarse 
ooe,  we  mnst  mnltiply  ten  by  itself  foar  times  over  in  order  to  find  bow 
mnch  more  easily  twisted  it  is,  and  thas  ohtiUD  the  eoormoos  number 
10,000;  it  is  10,000  times  more  easily  twisted  than  the  coarse  one. 
Thas  there  is  an  enormous  advantaee  in  increasing  the  minnteness  of 
tbe  wire  by  means  of  which  feeble  twisting  or  pulling  forces  are  meas- 
ured. Bat  if  the  delicacy  of  the  research  is  such  that  even  tbe  finest 
<ire  which  can  be  made  is  still  too  stiff,  then,  even  though  with  such 
■ire,  which  ia  somewhere  aboat  tlie  thousaodth  of  an  inch  in  diameter, 
fonea  as  small  as  the  milliouth  part  of  the  weight  of  a  single  grain  can 
be  detected  with  certainty,  tbe  wire  is  of  no  use ;  and  as  wire  can  not  be 
made  finer,  some  other  material  must  be  ased.  Spun  glass  Is  fine  and 
atroDg,  and  is  still  more  easdy  twisted  than  the  finest  wire,  but  it 
possesses  a  property  somewhat  analogous  to  patty.  When  it  has  been 
tnsted  and  then  let  go,  it  does  not  come  back  to  its  old  place,  so  that 
thoQgh  it  is  mach  more  largely  twisted  than  wire  by  the  application  of 
ft  force,  it  is  Dot  possible  with  accuracy  to  measnie  that  force.  There 
fi,  or  rather  I  should  say  there  was,  no  material  that  could  be  osed  as 
>  toision  tliread  finer  than  spun  glass ;  and  therefore  physicists  use  in- 
Uead  a  fiber  almost  free  from  torsion.  A  single  thread  of  Bilk  as  epnn 
by  tbe  silkworm  is  taken  and  split  down  the  middle,  for  it  is  really 
doable,  and  one-half  only  is  ased.  This  is  far  finer  than  spun  glass, 
tnd  being  softer  in  textore,  it  is  much  more  easily  twisted.  Silk  is  ten 
llioasaiid  times  more  easily  twisted  than  spun  glass.  So  easily  twisted 
h  silk  that  in  the  mtyority  of  instruments  the  stiffness  of  the  silk  is 
Itther  of  no  consequence  at  all,  or  at  any  rate  it  only  produces  but  the 
lightest  disturbiog  effect.  X  ow,  if  it  is  necessary  to  push  the  investiga- 
von  farther  still  by  the  continued  increase  in  the  delicacy  of  the  appa- 
^Mqs,  silk  itself  begins  to  prevent  any  progress.  Silk  has  a  certain 
■tiffoess,  bat  if  that  were  always  the  same  it  would  not  matter;  bnt 
'ben  it  possesses  that  putty-like  character  of  spun  glass,  bnt  in  a  far 
■gher  degree ;  it  is  affected  by  every  variation  of  temperature  and 
'■NastDre,andany  really  delicate  measures  are  out  of  the  question  when 
WE  is  used  as  the  suspending  fiber. 

Tbja,I  believe,  is  a  fairly  accurate  account  of  tbe  state  of  the  case,  three 
lUrB  ago.  At  that  time  I  was  improving,  or  attempting  to  improve,  a 
IMaiu  class  of  apparatus  of  which  I  shall  have  more  to  say  presently, 
Pd  I  was  met  by  tbe  difticulty  that  a  greater  degree  of  delicacy  v&s 
ftqaired  than  was  possible  with  existing  torsion  threads.  Silk  would 
^ve  entirely  prevented  me  from  reaching  the  degree  of  delicacy  and 
Mrtainly  in  this  instrument  that  I  hope  to  show  this  evening  that  I  have 
ktt^ned. 

DcmizedbvGoOglc 


326  QUARTZ  FIBEB8. 

BeiDg  tiien  in  this  difficulty  I  was  by  good  furtune  and  necessity  led 
to  devise  a  process  which  1  propose  at  ouc»  to  show  yon.  I  shall  not 
describe  the  preliminary  ext>eriinents,  but  simply  describe  the  proeesa 
as  it  Btanda.  There  is  a  small  cross-bow  held  in  a  vice,  and  a  little 
arrow  made  of  straw  with  a  needle  point,  sod  I  have  here  a  fragmeQt 
of  rock  crystal  which  has  been  melted  and  drawn  into  a  rod.  It  re- 
quires a  temperature  greater  thau  that  developed  in  any  fdmace  to 
melt  this  material  so  that  it  may  be  drawn  ont.  If  the  arrow,  whieb 
also  carries  a  piece  of  the  t^uartz  rod,  is  placed  in  the  bow,  aod  if  both 
pieces  are  heated  np  to  the  melting  point  and  joined  together,  and  tlien 
the  arrow  is  shot,  a  fiber  of  quartz  is  drawn, — that  is  to  say,  it  is  draim 
if  there  is  not  an  accident. 

The  arrow  has  flown,  and  there  ia  now  a  fiber  not  very  floe  this  time, 
which  I  shait  hand  to  our  president  At  the  same  time  I  can  passbim 
a  piece  of  moch  finer  fiber,  made  this  afternoon,  which  shows  (and  this 
is  a  proof  of  its  fineness)  all  the  brilliant  colors  of  the  spider  line  when 
the  sua  shines  npon  it,  but  with  a  degree  of  magnificence  and  splendor 
which  has  never  been  seen  on  any  natural  object. 

The  main  features  of  these  fibers  are  these.  Ton  can  make  thetn  us 
fine  as  you  please ;  yon  can  make  them  of  very  considerable  length; 
yon  can  make  pieces  40  or  50  feet  long,  witbont  the  slightest  troable,  at 
almost  every  shot.  Even  though  of  that  great  length,  they  are  very 
nniform  in  diameter  from  end  to  end,  or  at  any  rate  the  variadon  ia 
small  and  perfectly  regular.  The  strength  of  the  fiber  is,  I  tbinklnaf 
safely  say,  something  astonishing.  Fibers  such  as  I  have  in  nse  at  tbe 
present  time  in  an  instrument  behind  me  are  stronger  than  ordiaux 
bar  steel ;  they  carry  from  60  to  80  tons  to  the  square  inch.  IliaC  >> 
one  of  their  most  important  features,  for  this  reason, — that  on  aceoimt 
of  their  enormous  strongth  you  can  make  use  of  very  much  finer  fiben 
than  would  be  possible  if  they  were  not  so  strong ;  and  I  have  alresilT 
explained  the  importance  of  the  fineness  of  the  flt>er  when  delicacy  ia 
of  the  first  importance. 

As  to  the  diameter  of  these  fibers,  I  have  said  they  can  be  made  as  fine 
as  yoa  please.  I  shall  not  trouble  you  with  a  large  oumber  of  flgnrefi 
but  one  or  two  may  probably  be  interesting  to  those  who  are  iu  the 
habit  of  using  philosophical  apparatus.  lu  the  first  place,  a  fiber  i 
great  deal  finer  that  a  single  fiber  of  silk  (that  is,  one  five-thoosandth 
of  an  inch  in  diameter),  will  carry  an  apparatus  more  than  30  gnias 
in  weight.  I  have  in  one  of  the  pieces  of  apparatus  which  I  shall  use 
presently,  a  fiber  the  fifteen-thousandth  of  an  inch  in  diameter.  That 
is,  so  fine  that  if  you  were  to  take  a  hundred  of  them  and  twist  them 
into  a  bundle  you  would  produce  a  compound  cable  of  the  thickness  t 
a  ringle  silkworm's  thread.  I  do  not  mean  the  silk  used  for  sewing  tbl 
is  wound  on  a  reel,  because  that  is  composed  of  an  enormous  nutulM 
of  Bilk  threads ;  but  a  single  silkworm's  thread  as  it  is  wound  fivm  til 
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eocooD,  aotl  tbat  flUcr  ia  at  the  preeeot  time  carrying  a  mirror  the  move- 
nwQts  of  which  will  presently  be  viBible  ia  all  parts  of  tliia  large  room. 
Bat  that  is  by  no  means  the  limit  of  the  degree  of  fineness  which  can 
be  reached.  A  fiber  the  flfteeD-thoasaodth  of  an  inch  in  thickness  is 
qnite  a  strong  and  conspieaous  object.  Yoa  may  go  on  making  them 
DDtilyoa  can  not  see  them  with  the  naked  eye.  Yoa  may  go  on  follow- 
ing them  with  the  microseopenntilyoucsn  not  8e«  them  with  the  micro- 
Beope — that  is  to  say,  you  can  not  find  their  end, — they  gradually  go 
out.  The  ends  are  so  fine  that  it  is  impossible  ever  t*>  see  them  in  any 
microscoiie  that  can  be  coDstmeted,  not  because  the  micro8coi>es  are 
bad.bnt  because  of  the  nature  of  light.  But  thatia  a  point  upon  which 
IsLall  not  say  more  thiseveDing.  It  has  been  estimated  that  probably 
the  ends  of  some  of  these  are  aa  fine  as  the  millionth  part  of  an  inch — 
f  do  not  care  whether  they  are  or  whether  tbey  are  not,  because  they 
cannerer  be  seen  and  never  be  naed— but  certainly  the  hnndred-thou- 
Baoilth  of  an  inch  is  by  no  means  beyond  the  limit  which  can  be  obtained. 
As  these  large  numbers  of  hundreds  of  thousands  and  millions  are 
Bgorcs  which  it  is  impossible  for  anybotiy  thorongbly  to  realize,  I  may 
for  the  purpose  of  illustration  aay  that  if  we  were  to  take  a  pieoe  of 
qaartz  about  aa  big  as  a  walnut,  and  if  wecould  draw  the  whole  of  that 
intoathread  one  hundred-tbonsandth  of  an  inch  iu  diameter — threads 
vhich  can  certainly  be  produced — there  would  be  enough  to  go  ronnd 
the  world  about  six  or  seven  times. 

These  quartz  fibers,  on  account  of  their  fineness,  are  eminently  capa- 
ble of  measartug  minute  forces — that  is  to  say,  they  would  be  capable 
if  they  were  free  from  that  putty-like  quality  which  I  have  described 
UDakiogspun  glass  useless.  Xow,  experiments  made  both  in  this 
coDnlry  and  in  Australia  show  that  to  a  most  extraordinary  degree 
they  are  perfectly  free  from  that  one  fault  of  spun  glass. 

The  number  of  useful  properties  of  quartz  that  bus  been  melted  is  so 
great  that  I  can  merely  take,  in  a  more  or  less  disjointed  way,  one  or 
t*o;  and  I  propose,  in  the  first  place,  to  say  aometbiug  which  I  think 
may  be  especially  interesting  to  chemists  and  perhaps  to  our  president. 
I  should  like  to  ask  experimental  chemists  what  they  would  think  of 
a  material  which  could  be  drawn  into  tubes,  blown  into  bulba,  joined 
together  in  the  same  way  that  glass  is  joined,  drawn  out,  attached  to 
aSprengel  pump,  sealed  off  with  a  Sprengel  vncuuni  which  wonid  be 
transparent,  which  would  be  less  acted  ujKin  than  glass  by  corrosive 
ehemicals,  and  which  finally  at  the  point  at  which  platinum  is  as  fluid 
u  water  would  still  retain  its  form.  Here  is  such  a  tube  with  a  bnll> 
blown  at  the  end.  I  have  found  that  it  ia  possible  to  make  tubes 
(though  it  can  not  be  done  in  the  ontiuary  way  as  with  glass)  anil  to 
blow  bnlbs  with  quartz,  and  that  they  have  this  advantage  which  glass 
does  not  possess,  namely,  that  it  is  almost  impossible  to  crack  tbem 
by  the  sodden  application  of  beat. 

Then  there  is  another  property  which  quartz  fibers  and  rods  possess 
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wbicb  I  sball  be  able  to  abow  only  imperfectly,  namely,  the  power  of 
iiieaUting  anything  ohorged  with  electricity  nnder  conditiona  ander 
which  in  general  iusalation  is  impossible.  Yon  uow  see  apon  the  acreeD 
on  electrosoope,  the  leaves  of  which  were  charged  at  noon,  and  they 
are  still  divergent,  bat  not  to  a  very  great  extent,  becauee  they  have 
suffered  from  onavoidable  shaking  during  the  day.  The  point  to 
which  I  especially  wish  to  refer  is  this.  In  eleetroscopes  and  all  ctcc- 
troatatic  apparataa  ouo  puts  in  a  dtab  of  sulpbnric  acid,  (which  is  an 
abomination,)  in  order  to  keep  the  atmosphere  dry.  I  have  In  this 
electroscope  snch  a  dish,  bnt  it  is  filled  with  water  in  order  to  keep  (bo 
atmosphere  moiat.  Esi»eriments  carefully  made,  using  the  same  boi— 
everything  the  aame,  except  that  in  one  case  Ibe  insulating  stem  was 
made  of  quartz  and  iu  the  second  case  it  was  mude  of  the  best  flint 
gtaas  well  waabetl,  of  the  same  shape  and  size — show  thnt  if  (he 
atmosphere  is  i>erfectly  dry  the  electricity  escapes  from  both  attliu 
same  rate ;  but  tbut  if  the  atmosphere  is  perlbctly  moist  the  electriciiy 
escapes  from  tbo  leaves  insulated  by  tbe  clean  washed  fiint  glass 
only  too  qoickly ;  whereas,  from  the  leaves  insulated  by  tbe  qnartz  the 
rate  is  identically  the  same  na  it  was  in  cither  case  when  tbe  atmos- 
phere was  perfectly  dry. 

I  have  said  that  these  fibers  are  uniform  in  diameter,  and  fine  and 
smooth  and  strong,  and  that  they  glisten  with  all  tbe  colors  of  the 
spider  web,  bat  that  they  are  far  more  brilliant.  It  was  naturally 
rather  a  curious  point  to  uot«  what  a  sj)ider  would  do  if  by  any  cbaace 
sbe  should  find  herself  on  such  a  web;  and  now  that  I  am  dealing  with 
live  and  wild  animals  which  can  not  possibly  be  trained,  the  conditions 
are  such  as  to  render  the  sncceas  of  an  exiieriment  entirely  a  matter  of 
chance.  However,  I  propoae  to  mahe  use  of  tbe  spider  as  a  test  of  the 
very  great  smoothness  and  slipperincas  of  one  of  these  fibers.  There 
are  here  three  little  spiders  which  have  been  good  enough,  since  tbcy 
came  to  Leeds,  to  spiu  ui>oi)  these  little  wooden  frames  tbctr  i»erlect 
and  beautifal  geometrical  webs.  1  have  succeeded  in  placing  one  of 
these  fi*ames  in  tbe  lantern  without  disturbing  tbe  spider,  wbieh  yon 
can  now  see  waiting  upon  her  web.  I  must  now,  without  disturbing 
tbe  peace  of  mind  of  the  spider,  carry  bcr  to  a  web  of  qnailE;  and 
therefore  it  is  necessary  that  the  spider  should  be  fortunate  euougfa  to 
catch  a  fiy.  Kow,  instead  of  bringing  a  tiy  I  will  make  an  ordinary 
tuning-fork  buzz  against  the  web.  Bho  immediately  iwuncea  upon  the 
imaginary  fly,  and  thus  I  can  without  frightening  her  place  lier  npon 
tbe  quartz  filler.  Unfortunately  this  spider  has  slipjied  and  has  got 
away,bnt  with  another  I  am  more  successful.  I  intende<l  to  show  that 
tbe  small  and  comuioD  garden  spider  could  not  climli  tbe  quartz  fiber, 
but  for  some  reason  this  spider  is  able  to  get  up  with  diflicnlty.  How- 
ever I  shall  not  spend  any  more  time  npon  this  oxperimeut. 

I  shall  now  at  once  Bi>enk  about  tbe  instrument  wbicb  actually  led 
me  to  the  invention  of  the  process  for  making  qnartz  fibers.    This, 
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wbicli  I  Lave  called  a  radio-mtorometer,  is  an  iaetrumeut  of  very  great 
delicacy  for  measuring  radiant  heat  from  Bach  a  thing  as  a  caudle,  a  fire, 
tlie  8UD,  or  anything  else  which  radiates  beat  through  space. 

The  radio-micrometer  which  I  wish  to  show  this  evening  is  restiog 
upon  a  solid  and  stead;  beam,  and  as  nsnal  its  index  is  a  si>ot  of  light 
upon  the  scale.  Ton  see  that  that  spot  of  light  is  almost  perfectly 
steady.  Now  the  beat  tbat  I  propose  to  measure,  or  rather  tbe  influence 
of  vbich  I  intvud  to  show  you,  is  the  heat  which  is  being  radiated  fh>m 
scanillo  fixed  in  the  front  of  the  upper  gallery  some  70  or  80  faetfl^m 
Ibe  uistmmeiit ;  and  in  order  tliat  yon  may  be  snre  that  the  indication 
of  tbe  instrument  is  due  to  the  heat  from  tbe  candle,  and  not  to  any 
manipulation  of  tbe  apparatus  on  tbe  beam,  I  sball  perform  the  expert* 
meut  as  follows.  None  of  the  apparatus  at  this  end  of  the  room  will 
be  toacbed  or  moved  in  any  way ;  but  by  a  string  1  sball  simply  pull 
die  caudle  along  a  slide  up  to  a  atop,  at  which  position  it  will  shine 
upon  the  sensitive  part  of  tbe  radio- micrometer.  Instantly  the  spotof 
light  darts  along  the  scale  for  a  distance  of  ten  feet,  and  then  after 
leaving  the  scale  it  comes  to  rest  upon  the  face  of  the  balcony  five  or 
six  seconds  after  it  began  to  move.  Now  if  the  eandle  ia  allowed  to 
move  back  through  about  a  foot,  you  will  see  that  the  instrument  will 
cool  down  at  once — it  is  at  present  saffering  from  the  heat  wfaiob  falls 
Dpon  it  from  the  distant  candle ;  bnt  it  will  cool  down  at  once,  and  the 
index  will  go  back  to  its  old  i>lace.  It  is  very  nearly  at  its  old  place 
now.  I  will  now  let  tbe  candle  shine  upon  it  again.  The  index  at  once 
goes  on  to  the  balcony  as  before,  and  now  that  the  candle  is  moved 
aw4y  ogaiu,  the  index  has  assumed  its  old  place  upon  the  scale. 

That  re^ly  shows  that  we  have  here  the  means  of  measuring  heat 
with  a  degree  of  delicacy,  and  also  with  a  degree  of  certainty,  ease, 
and  quickness,  which  has  never  yet  been  equalled.  It  is  probable  that 
tbe  measure  which  I  have  giveu  of  the  degree  of  delicacy  that  I  have 
reached  in  my  astronomical  apparatus — namely,  that  the  heat  of  a  can- 
dle more  than  two  miles  away  can  certainly  be  felt — will  not  seem  so 
abeord  now  that  you  have  seen  this  less  perfect  apparatus  at  work,  as 
it  does  to  people  whose  experience  is  limited  by  the  thermopile  or  their 


You  can  now  see  tbe  spot  of  light ;  it  is  perfectly  quiet  in  its  old 
place.  I  wish  to  show  yon  tbat  this  instrument  is  unlike  those  which 
are  ordinarily  used  for  this  purpose.  All  the  heat,  tbe  very  consider* 
able  beat,  due  to  this  electric  arc  lamp,  is  actually  falling  on  the  io- 
ktrsmeut,  bnt  not  upou  its  sensitive  surface,  and  there  is  no  indication. 
There  are  a  large  unmber  of  people  in  tbe  room — it  does  not  feel  the 
heat  from  them.  Stray  heat  which  it  is  not  meant  to  feel — which  is  not 
in  tbe  line  along  which  it  cau  see,  or  feel — has  no  influence  upon  it. 
When  the  candle  was  moved  to  the  place  to  which  it  was  looking,  it 
felt  the  Iieat,  and  you  saw  the  movement  of  the  index.  What  is  per- 
bapfl  more  important  than  all  is  tbat  it  is  an  instrument  which  does 
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not  even  feel  the  infliienco  of  a  magnet.  I  liare  here  a  magnet,  and  on 
waving  the  magnet  about  near  the  instrument  there  ig  do  movemectof 
tbo  JDilex  at  all ;  it  does  not  dance  up  and  down  the  scale,  as  it  c«r- 
toinl;  would  do  in  the  case  of  a  galvanometer,  becaoBe  tbia  magnet 
would  affect  a  galvanometer  at  the  other  end  of  the  room.  We  have 
then  a  degree  of  sensibility  which  is  certainly  nbt  easily  developed  in  any 
other  vay.  I  must  except  however  the  instrument  which  Profeflsor 
Langley  of  America  has  recently  bronghtto  a  great  state  of  perfection. 
I  am  unable  to  utate,  from  want  of  information,  whetlier  his  instrament 
is  as  sensitive  as  the  oue  I  have  just  shown,  but  whether  it  is  or  is  not 
as  sensitive,  it  certainly  can  not  compare  with  this  in  itsft«edom  from 
the  disturbiug  effects  of  stray  heat  falling  upon  it,  or  of  the  magoMic 
or  thermo-electric  disturbances  which  give  so  mnch  tronble  where  the 
galvanometer  is  employed. 

TSow  this  apparatus  I  was  recently  using  in  some  astronomical  ex- 
periments on  the  beat  of  the  moon  and  the  stars.  As  these  experi- 
ments could  only  be  made  with  an  instrument  such  as  this,  possessifig 
extreme  sensibility  and  freedom  from  extraneous  disturbances,  and  as 
this  instrument  is  both  the  canse  of  the  discovery  and  the  first  result 
of  the  applicatioD  of  the  quartz  fibers,  I  have  thought  it  well  to  repeat 
a  typical  experiment  upon  the  moon's  heat,  but,  like  Peter  Quince,  I 
am  in  this  difficulty.  As  he  said,  ''There  is  two  bard  things,  that  is  to 
bring  the  roooulight  into  a  chamber."  In  fact,  at  ibe  present  time  tiie  ' 
moon  has  not  riseu,  and  if  it  had  we  should  not  be  mocb  better  dT. 
Peter  Quince  proposed  that  they  should  in  case  of  moonlight  failing 
havea  "lanthorn"aDdabnnchof  thorns.  That  no  doubt  was  snSioient 
for  the  conversation  of  Pyramus  and  Thisbe,  bnt  that  woald  not  do  for 
the  purpose  of  showing  the  variation  of  radiation  from  iraint  to  point 
upon  the  moon's  surface,  and  as  that  is  the  ex[ieriment  which  I  nov 
wish  to  show — an  ex|)eriment  which  this  instrument  enables  one  to 
make  with  the  greatest  ease  and  certainty — it  is  necessary  to  hace 
something  better  than  a  "  lanthorn  "  and  a  bunch  of  thorns.  Therefore  I 
have  been  obliged,  as  the  moeu  is  not  available,  to  bring  a  moon. 
Now  tbia  moon  is  a  real  moon ;  it  is  not  a  representation ;  it  is  not  a 
slide;  it  is  a  real  moon,  aud  it  is  made  by  taking  an  egg-shell  ami 
painting  it  white.  That  egg-sbell  is  now  placed  upon  a  stand,  and  is 
illuminated  by  the  son — that  is,  an  electric  light;  and  in  order  that 
the  moon  may  be  visible,  the  room  must  be  darkened.  The  moon  is 
now  shining  in  the  sky.  An  image  of  the  moon  is  cast  by  means  of  a 
concave  mirror  upon  a  translucent  screen.  There  is  in  addition  an- 
other mirror  which  throws  a  small  image  of  the  same  moon  upon  the 
radio-micrometer  There  is  one  more  thing  to  explain.  There  is  upon 
the  soreen  a  black  spot  which  represents  the  sensitive  surface  of  die 
radio-raicrometer.  That  bears  the  same  proportion  to  the  moon  wbicli 
you  see  on  the  screen  as  the  sensitive  surface  of  the  radio-micrometer 
bears  to  the  image  of  the  moon  that  is  cast  upon  it.    "Sow  the  two  air- 
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rors  are  arranged  to  move  by  clock-work,  ao  as  to  make  the  two  images 
travel  at  proportioual  rates.  Tlieinooo  istravelliug  with  the  dark  edge 
foremost,  and  dow  that  the  terminator  of  the  moon  Los  come  Dpon  the 
aeositivB  snrftce,  the  beat  is  felt  and  the  deflection  of  the  iDstrument 
is  the  result.  Now,  as  the  tiiooo  is  gradually  travelling  throagh  the 
Bky,  the  radiation  is  alowly  and  steadily  increasing,  because  the  radia- 
tion from  the  moon  gets  greater  and  greater,  as  the  point  at  which 
tbe  snu  is  shining  vertically — that  is,  a  point  at  right  angles  with  the 
terminator — is  approached ;  it  is  here  a  mazimam,  and  then  it  foils 
back,  and  as  soon  as  tbe  moon  has  gone  off  the  instrument,  you  will 
see  ttie  index  fall  back  almost  suddenly.  But  there  is  something  more. 
This  moon  in  one  respect  is  better  than  the  other  moon.  At  the  pres- 
ent time  it  represents  the  moon  nineteen  days  old,  a  moon,  that  is  to 
eay,  which  is  waning,  and  which  goes  tbrongh  tbe  sky  with  its  dark 
edge  foremost.  The  clock-work  will  now  bring  the  moon  back  again, 
and  convert  the  nineteen-day  moon  into  a  uine-day  moon,  one  in  which 
the  bright  edge  goes  forward.  What  I  want  yon  to  notice  (and  it  will 
be  perfectly  evident)  is  this,  that  tbe  spot  of  light  will  now  go  np  the 
Kale  suddenly,  will  then  rise  to  a  maximum  position,  and  will  then  fall 
slowly  until  the  terminator  is  reached,  which  proves  that  in  tbe  former 
case  the  slow  rise  and  sadden  fall,  or  the  present  sudden  rise  and  slow 
fall  was  not  a  peculiarity  of  the  instrument,  bnt  was  dne  to  the  fact 
that  the  different  points  of  the  moon  radiated  in  tbe  manner  which  I 
have  stated.  There  is  one  point  which,  as  the  moon  has  now  left  the 
iostniment,  I  should  like  to  show;  that  is,  that  it  is  a  real  moon  and 
not  a  mere  slide.  That  is  shown  by  gradually  moving  tbe  sun  round. 
Now  it  is  at  right  angles  to  the  line  of  view,  and  we  have  got  tbe  half- 
moon.  As  it  goes  round,  the  moon  continnes  waning,  appearing  more 
like  a  new  moon,  and  at  last  we  have  an  eclipse  of  the  sou,  which  may  be 
aonnlar  if  the  proportions  of  the  apparatas  are  properly  arranged. 

I  wish  now  to  make  a  few  statements  as  to  the  delicacy  of  apparatus 
that  can  be  made  with  tbe  help  of  quartz  fibers.  I  would  wish  yon 
most  distinctly  to  nnderstand  that  it  is  not  sufficient  to  go  into  a  shop 
and  buy  apparatus  as  it  is  now  made,  replace  the  silk  by  quartz,  and 
to  suppose  yon  can  get  a  degree  of  delicacy  such  as  I  have  shown  yon. 
That  is  not  sufficient.  If  yon  take  out  the  silk  and  put  in  a  quartz  fiber 
the  apparatus  will  be  much  improved,  and  you  can  then  increase  its 
delicacy.  Yon  will  then  escape  the  troubles  due  to  silk;  bnt  one  after 
the  other  a  new  series  of  disturbances  will  appear,  and  anything  like 
ultimate,  extreme,  and  minute  accuracy  will  still  seem  out  of  the  ques- 
tion. ITow,  it  has  been  my  business  to  eliminate  one  by  one  these  dis- 
turbing influences.  I  will  not  weary  you  with  a  description  of  them  all, 
aud  the  methods  by  which  they  may  be  certainly  provided  against. 
These  disturbing  causes,  which  at  the  present  time  with  instruments 
carrying  a  ailk  fiber  are  not  even  known  to  exist,  or  if  known  to  exist, 
an  practically  of  do  oonseqnence  whatever,  come  one  by  one  Into  prom- 
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jneDoe,  when  yon  aUem^it  to  push  the  delicacy  of  yoar  apparataa  to  Uw 
extent  that  I  have  reached  in  the  home-made  appuratos  which  I  have 
here  this  evening.  I  do  not  propose  to  gire  more  than  one  illnstration, 
and  aa  thia  ie  one  which  I  found  out  by  accident,  and  which  at  tlie  Udm 
very  mncb  annoyed  me,  I  imagine  that  it  may  be  of  interest  to  cxphuo 
the  ciroomstanoes  ander  which  this  was  observed. 

Id  the  experiments  1  made  on  the  heat  of  the  moon  and  the  stan  it 
was  neoesaary  to  determine  to  what  degree  of  delicacy  the  appaiatm 
could  be  brought, — that  is  to  say,  to  determine  what  deflection  would 
be  produced  by  a  known  and  familiar sonrce  of  radiation.  Forthispnr 
pose  the  source  of  heat  that  I  used  was  a  common  candle,  placed  anffi- 
cieutly  far  off  to  produce  a  convenient  deflection.  I  began  by  placing 
tlie  caudle  about  lOOyarda  away,  but  I  was  obliged  to  place  the  candle 
at  a  distance  of  250  yards.  At  that  distauce  I  could  not  conveniently 
at  night  turn  the  shutter  on  aud  off  with  a  string.  Therefore  I  adopted 
the  more  simple  aud  practical  plan  of  asking  my  nieoe  to  stand  at  the 
topofthehillaud  topull  the sti-ing  when  I  gave  the  signal.  Thesignal 
was  oothiog  more  nor  lees  than  my  saying  the  word  ''  on  "  or  *-  ofl',"  so 
that  without  moving  I  could  observe  the  deflection  due  to  the  heat  of 
the  candle  at  that  distance.  Thoee  were  the  oiroumstanoea,  bat  when 
Ishouted  "OD,''before  the  sound  could  have  reached  my  nieoe  at  the 
top  of  the  bill,  the  spot  of  light  had  been  driven  violently  off  the  scale. 
This  seemed  as  if,  as  I  suspected  at  the  time,  one  of  my  little  eight- 
legged  frieuds  had  got  inside  the  apparatus,  aud  feeling  the  trembliig 
due  to  the  sound,  struck  forward,  as  the  diadema  spider  is  known  to  do, 
and  tried  to  cateh  the  thing  that  was  flyiugby.  But  further  experiments 
showed  that  this  was  uot  the  case.  It  happened  that  the  sonod  of  ny 
voice  was  just  that  to  whioh  the  telescope  tube  would  respond.  Iteohoed 
to  that  note,  the  iustrumeut  felt  the  vibration  of  the  air,  and  that  was 
the  result. 

In  order  to  show  that  au  instrument  will  feel  the  motion  in  the  air 
under  the  influeuce  of  sound,  I  have  arranged  an  experiment  of  the  sim- 
plest possible  character.  I  should  say  that  tbo  first  instrDment  of  this 
kind  was  made  many  years  ago  by  Lord  !Kayleigh;  but  I  feel  snre  that 
even  he  would  not  be  prepared  for  the  delicacy  to  which  apparataa  on 
this  principle  can  be  brought.  It  simply  depends  upon  thia  familiar 
aud  well-known  fact.  A  card  or  a  leaf  allowed  to  drop  through  the  air 
does  not  fall  the  way  of  the  least  resistance — that  is,  edgeways — but  it 
turns  into  the  position  of  greatest  resistance,  aud  falls  broadside  on,  or 
it  overshoots  the  mark,  and  so  gets  up  a  spin. 

Supposing  you  take  a  little  mirror  suspended  at  an  angle  of  45  de- 
grees to  the  direction  of  the  waves  of  sound,  the  instant  soond-wavce 
proceed  to  travel,  that  mirror  turns  so  as  to  get  into  such  a  position  as 
to  obstruct  them,  the  mirror  that  I  have  for  this  purpose  weighs 
about  the  twentieth  part  of  a  grain,  and  the  fiber  on  which  it  is  saa- 
pended  Is  about  the  fifteen- thousandth  part  of  an  inch  in  diameter. 
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IStB  mirror  is  so  small  and  ligbt  that  the  momeDt  of  inertia  is  a  two- 
hDndredth  part  of  that  which  people  ordinarily  call  the  mionte  and 
delBate  needle  of  the  Thomsoo  mirror-galvaDoineter.  With  a  fiber 
only  a  few  inches  long,  there  is  no  difBcnltjiii  getting  aperiodof  oscil- 
lition  of  10  or  11  seconds.  When  the  light  from  the  lamp  is  reflected 
ud  fails  npon  the  scale,  aa  it  will  be  in  a  minnte,  then  a  moremeDt  of 
the  light  from  one  of  those  great  divisions  to  the  next — that  is,  a  move- 
ment of  3  inches — will  correspond  to  a  twisting  force  snch  as  would 
be  produced  by  pulling  the  end  of  a  lever  an  inch  long  with  a  force  of  a 
tboueand-milliouth  part  of  the  weight  of  a  grain.  It  would  be  easy  to 
obeerre  a  movement  ten  or  a  hundred  times  less.  My  ditBcnlty  now  is 
(bat  it  is  impossible  to  speak  and  at  the  same  time  to  keep  that  spot 
at  rest,  because  the  instrument  is  arranged  to  respond  to  a  certain 
note.  This  is  not  the  predominating  note  of  my  voice,  bat  since  the 
voice,  like  all  other  noises  as  distinguished  from  pnre  musical  sonnds, 
consists  of  a  great  number  of  notes,  every  now  and  then  the  note  to 
which  the  instrument  is  tuned  is  sure  to  be  sounded,  and  then  it  will 
respond.  Therefore,  while  I  am  speaking  it  is  impossible  to  k^ep  the 
spot  of  light  at  rest.  However,  in  order  to  show  that  the  instrument 
does  respond  to  certain  notes,  even  if  feeble,  with  a  degree  of  energy 
and  suddenness  which  I  believe  would  never  be  expected,  I  shall  with 
these  small  organ  pipes  sound  three  notes.  But  I  must  explain  before- 
hand what  I  am  going  to  do,  as  the  sound  of  my  voice  will  spoil  the 
experiment.  I  shall,  standing  as  far  away  as  1  can  get  from  the  instru- 
ment, first  sound  a  note  that  is  too  high;  I  shall  then  sound  a  note 
that  is  too  low ;  and  then  I  shall  sound  the  not«  to  which  the  instru- 
ment is  tnned.  I  must  ask  everyone  during  this  experiment  to  bo  aa 
qniet  as  possible,  as  the  faintest  sound  of  the  right  sort  will  interfere 
with  tbe  success  of  the  experiment.  [The  first  two  iiotL>s  sounded 
loudly  produced  no  result,  while  the  moment  the  right  note  wns  heard 
the  light  went  violently  off  the  scale  and  travelled  round  the  room.] 
When  this  little  organ  pipe  was  blown  at  the  farthest  end  of  tbe  room 
this  afternoon,  it  drove  the  light  off  the  scale  almost  as  violently  as  it 
did  just  now. 

[The  Cavendish  experiment  of  ot>8erving  the  attraction  due  to  grav- 
itation between  masses  of  lead  was  then  explained,  and  the  actual 
experiment,  performed  with  apparatus  no  larger  than  a  gnlvanometer, 
in  which  the  attracting  masses  were  two  pounds  and  fifteen  grains,  re- 
spectively, in  which  tbe  beam  was  only  about  flve-eigbtbs  of  an  inch  long, 
and  in  which  the  total  force  was  less  than  one  ten- millionth  of  the  weight 
of  a  grain,  was  then  shown.  The  actual  defiection  on  the  scale  was 
rather  more  than  ten  feet,  and  eighty  seconds  were  required  for  the 
single  oscillation.  With  this  apparatus  forces  two  thousand  times  as 
noall  conld  be  observed,  though  the  fiber  is,  in  comparison  with  others 
that  were  made  use  of,  exceedingly  coarse.    Forces  equivalent  to  one 
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millioD-millionth  of  tbe  weight  of  a  grain  were  stated  to  be  within  the 
reach  of  »  manageable  qoartz  fiber.] 

Now  that  I  have  shown  all  that  toy  limited  time  has  permitted  me,  I 
wiah  finally  to  answer  aqnestiou  which  is  freqnently  put  to  me, and  which 
possibly  some  in  the  room  may  have  asked  theselves.  The  question  may 
be  pat  broadly  in  this  form :  "  These  fibers  no  doabt  are  very  fine  and 
very  wonderful,  but  are  they  of  auy  practical  asef  This  is  a  qnestioo 
which  I  find  it  diGQenIt  to  answer,  becaase  I  do  not  clearly  know  what 
is  meant  by  "practical  use."  If  by  *■  a  thing  of  practical  use"  yoameao 
something  which  is  good  to  eat  or  to  drink  or  if  yon  mean  somethit^ 
which  we  may  employ  to  protect  ourselves  from  the  extremes  of  heat 
or  cold  or  moisture,  or  if  you  mean — and  this  is  a  point  which  those 
who  have  studied  biology  will  perhaps  appreciate  more  than  others— 
Bometbiiig  which  may  be  made  use  of  for  the  purpose  of  personal  adorn- 
ment, if  that  is  what  you  mean  by  "practical  use,"  then,  with  the  ex- 
ception of  the  possibility  of  being  able  to  weave  garments  of  an  extnor 
(linary  degree  of  fineness,  softness,  and  transparency,  quartz  fibers  an 
of  no  "practical  use."  But  if  you  mean  something  which  will  «)able 
ft  large  and  distinguished  body  of  men  to  do  th»t  which  is  most  impor- 
tant to  them  more  perfectly  tbau  has  been  possible  hitherto — I  allode 
of  course  to  the  experimental  philosopher  and  his  experimental  voric, 
which  after  all  has  laid  the  foundations  upon  which  so  much  that  is 
called  practical  actually  is  built — if  this  is  what  yon  mean,  then  I  hope 
that  the  few  experiments  which  I  have  been  able  to  show  this  evening 
are  sufficient  to  prove  that  quartz  fibers  are  of  some  practical  use;  aad 
they  have  served  this  additional  pnrpose,  with  what  sncoess  I  am  una- 
ble to  say:  they  have  provided  a  subject  for  an  evening  lecture  of  the 
British  Association. 
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THE  RGSEA.BGHES  OF  DR.  B.  K(ENIG 
ON  THE  PHYSICAL  BASIS  OF  MUSICAL  HARHONY,  AND  TIMBRE.' 


By  Prof.  Stlvahus  P.  Thompson. 


Not  oft«D  does  it  fall  to  the  lot  of  a  aoientiflc  man  to  become  the 
DioDtbpiece  of  another  whose  researcbes  have  lasted  orer  a  quarter  of 
a  centary ;  yet  thia  is  the  enriable  position  in  which  I  find  myself  on 
this  occasion  as  the  spokesmaD  of  Dr.  Bndolph  KtBUig,  who  is  kuown 
not  ODly  aa  the  coostrnotor  of  the  finest  aooostical  instrntueuts  in  the 
vorld,  bat  as  an  investigator  of  great  originality  and  distinction,  and 
author  of  oomerons  memoirs  on  acoustics.  Dr.  K<Biiig,  who  has  of 
Ute  made  very  important  contribntioDS  to  oar  knowledge  of  the  phys- 
ical basis  of  music,  using  apparatus  immeasurably  superior  to  any 
hitherto  employed  In  experimental  investigations  of  this  subject,  has 
00  rarious  occasions,  when  I  have  visited  him  in  Paris,  shown  me  these 
itiBtrumeotB,  and  repeated  to  me  the  resalts  of  his  researches.  Impor- 
tant as  these  are,  they  are  all  too  little  known  in  thia  country,  even  by 
the  professors  of  physics.  It  was,  therefore,  with  no  little  satisfaction 
that  the  Council  of  the  Physical  Society  learned  that  Dr.  Ecenig  was 
villiug  to  send  over  to  Loiidou  for  exiiibttioo  on  this  occasion  the  in- 
stramenta  and  apparatus  used  in  these  researches.  And  their  satisfac- 
tion to-day  is  heightened  by  the  fact  that  Dr.  Koenig  has  himself  very 
kindly  come  over  to  demonstrate  his  own  researches,  and  has  given  as 
the  opportanity  to  welcome  him  personally  amongst  us. 

The  splendid  apparatus  around  me  belongs  to  Dr.  Koenig  and  forms 
but  a  very  small  part  of  the  collection  which  adorns  his  atelier  on  the 
Qnai  d'Anjou,  He  lives  and  works  in  seclusion,  surrounded  by  his  in- 
BtrumentB,  even  us  our  own  Faraday  lived  and  worked  amongst  his 
electric  and  magnetic  apparatus.  His  great  tonometer,  now  nearly 
completed,  comprises  a  set  of  standard  tuning  forks,  adjusted  each  one 
bf  his  own  hands,  ranging  from  20  vibrations  per  second  up  to  nearly 
40,000,  with  perfect  continuity,  many  of  the  forks  being  furnished  with 
slidiog  adjustments,  so  as  to  give  by  actual  marks  u|ion  them  any  de- 
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sired  Dumber  of  vibrations  within  their  own  limits.  Beside  tbis  colos- 
sal mostvr-piece,  Dr.  Kceuig's  collection  includes  several  large  wave- 
sireos  and  innamerable  pieces  of  apparatus  iii  wbich  his  ingentons 
manoiaetric  flanies  are  adapted  to  acoustical  investigation.  There  alu 
stauds  his  tonometric  clock,  a  timepiece  governed,  oot  by  a  pecdnlDm, 
but  by  a  standard  tuniag-fork,  the  rate  of  vibration  of  which  it  accu- 
rately records. 

It  is  not  sarprising  that  one  who  lives  amongst  tbe  instraments  ot 
kia  own  creation  and  who  ia  familiar  with  tlieir  every  detail  should 
discover  amouget  their  properties  things  wbieii  others  wboae  acquaint- 
ance with  them  is  less  intimate  have  cither  overlooked  or  only  im- 
I>erfectly  discerned.  If  ho  has  iu  his  researches  advanced  propositions 
wbich  contradict  or  seem  to  contradict  tbe  accepted  doctrines  of  tbe 
professors  of  natural  philosophy,  it  is  not  that  he  deems  himself  one 
whit  more  able  than  the;  to  offer  mathematical  or  philosophical  expla- 
natioos  of  them ;  it  is  because,  with  his  uniqne  opportunities  of  ascer 
tnining  the  facts  by  daily  observation  and  usage,  he  is  impelletl  to  state 
what  those  facta  are  and  to  propound  generalized  statemeBts  of  tbem, 
even  though  those  facts  and  generalized  statements  differ  from  those  at 
present  commonly  received  and  supposed  to  l>e  true. 

At  the  very  foundations  of  the  physical  theory  of  music  stand  three 
questions  of  vital  importance : 

(1)  Why  is  it  that  the  ear  is  pleased  by  a  succession  of  aonnds  be- 
longing to  a  certain  particular  set  called  a  scale  f 

(2)  Why  is  it  tbati  when  two  (or  more)  musical  sounds  are  simultane- 
onsly  sounded,  the  ear  finds  some  combinations  agreeable  and  othera 
disagreeable  t 

(3)  Why  is  it  that  a  note  sounded  on  a  musical  instmment  of  one  sort 
ia  different  from  and  is  distinguishable  from  tbe  same  note  sonmled 
with  equal  loudness  upon  an  instmment  of  another  sort  T 

These  tfaree  queries  involve  the  origin  of  melody,  thecanse  of  AamoHy, 
and  the  reason  of  tiuibre. 

Tbe  theories  which  have  been  framed  to  account  for  each  of  Ihese 
three  features  of  music  are  based  ou  a  donble  fonudation,  partly 
physical,  partly  physiological.  With  the  physiological  aspect  of  this 
fonndation  we  have  to-night  nothing  to  do,  being  concerned  only  with 
tbe  physical  aspect.  What,  then,  are  the  physicnl  foumlations  of 
melody,  of  harmony,  and  of  timbrel  Ucmonstrable  bv  ox]K^rimeDt 
they  most  be,  in  common  with  all  other  physical  fact^;  otherwise  tbey 
can  not  be  accepted  as  proven.  What  arc  the  facts  and  how  cau  they 
be  demonstrated  T 

We  are  not  here,  however,  to  tight  over  again  the  battle  of  the  tem- 
peraments, nor  do  I  purpose  to  enter  upon  a  discnssion  of  the  origin 
of  melody,  which,  Indeed,  I  believe  to  be  associative  rather  thnu  phys' 
ical.  I  shall  confine  myself  to  two  matters  only,  with  which  thereceit 
researches  of  Dr.  Koenig  are  concerned: — the  cauteo/liarmo»f/,iunl  tbe 
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wiwreofUaUfres.  BetnraiUg,  then,  to  tbe  ratios  of  the  vibratioD  nnm- 
bere  of  the  major  scale,  we  may  note  that  two  of  these,  namely,  the 
ntios  9:8  and  15:8,  which  correepoud  to  the  intervale  called  the 
Dsjor  whole  tone  and  the  seventh,  are  dissonant — or,  at  least,  are  osa- 
allf  BO  regarded.  It  will  also  be  noticed  that  these  particalar  fractions 
ue  more  complex  than  those  that  represent  tbe  consonant  intervals. 
This  naturally  raises  tbe  queatioo :  WAy  U  it  that  thecontonant  inttrvala 
ikotld  be  repretented  by  ratios  made  up  of  the  numbers  1  to  6  and  by  no 
tlkent 

To  tbifi  problem  the  only  answer  for  long  was  tbe  entirely  evasive 
and  metaphysical  one  that  tbe  mind  instinctively  delights  in  order  and 
DDmber.  Tbe  trae  answer  or  rather  the  first  approximation  to  a  trae 
tiuver  was  only  given  about  40 years  ago,  wbeu  vonBeln)boltz,asthe 
teuilt  of  bis  ever-memorable  researches  on  the  sensations  of  tone, 
temmed  the  reply :  Became  only  by/uljillinff  numerical  relations  which 
at  at  once  exact  and  timpleeantke  "beats"  be  avoided  which  are  the  cause 
*/dis»onance.  Tbe  phenomenon  of  beats  is  so  well  known  that  I  may 
usume  the  term  to  be  familiar.  Au  excellent  mode  of  making  beats 
audible  to  a  large  audience  is  to  place  upon  a  wiud-cbest  two  organ-pti)es 
hmed  to  utt=ViS,  and  then  flatten  one  of  them  slightly  by  holding  a 
finger  in  front  of  its  mouth.  Von  Helmholtz's  theory  of  dissonance  may 
be  briefly  sammarized  by  saying  that  any  two  notes  are  discordant  if 
their  vibration  numbers  are  sach  that  they  produce  lieats; — maximum 
discordance  occurring  when  the  beats  occur  at  about  33  per  second, — 
beats  if  either  fewer  than  these  or  more  numerous  being  less  disagree- 
able than  tx^te  at  this  frequency.  It  is  an  immediate  consequence 
tbatthedegreeof  dissonance  of  any  given  interval  will  depend  on  its 
poation  on  the  scale.  For  example,  the  interval  of  the  m^or  whole 
tone,  represented  by  the  ratio  0 :  S,  produces  four  beats  per  second  at 
llie  bottom  of  tbe  pianoforte  keyboard,  33  beats  per  second  at  tbe  mid- 
dle of  the  keybou^,  and  266  beats  per  second  at  the  top.  Snch  an 
interval  ought  to  bo  discordant  therefore  in  the  middle  octaves  of  the 
Kale  only. 
To  this  view  of  von  Helmboltz  it  was  at  first  objected  that,  if  that 
nieall,  all  intervals  should  be  equally  harmonious  provided  one  f^ot 
^r  enough  away  from  being  in  a  bad  unison ;  filths,  augmented  fifths, 
Hid  Hixibs,  minor  and  major,  ought  to  be  equally  harmonious.  Ibis  uo 
Bosieian  will  allow.  To  account  for  this  von  Helmboltz  makes  the 
hrtber  supposition  that  tbe  beats  occur,  not  simply  between  the  fnnda- 
aeotid  or  piime  tones,  but  also  between  the  npper  partials  which 
iMally  accompany  prime  tones.  This  leads  me  to  say  a  word  about 
^perpartial  tones  and  harmonics,  I  believe  many  musicians  use  these 
VD  terms  as  synonymous,  but  they  ought  to  be  carefully  distinguished. 
Elie  term  harmonics  ought  to  be  rigidly  reserved  to  denote  higher 
Mes  which  stand  iti  definite  harmonic  relations  to  the  fundamental 
one.  The  great  mathematican  Fourier  first  showed  that  auy.b'niy 
H.  Mis.  129 22  C^OOglc 
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periodic  fuoction,  however  complex,  could  be  analvzed  ont  aod  ei- 
pressed  as  the  sam  of  a  certain  eeries  of  periodic  fanctioDS  haviof 
freqneacieB  related  to  titat  of  the  fundamental  or  first  namber  of  tbe 
series,  as  tbe  simple  unmbers  2,  3,  4,  5,  etc.  Thirty  years  later,  G.  S. 
Ohm  saggested  that  tbe  human  ear  actually  performs  such  an  analysts, 
by  virtare  of  its  mechaDical  structures,  npon  every  complex  sonnd  of  s 
periodic  character,  resolringic  into  afundamental  tone,  tbe  octave  of  that 
tone,  the  twelfth,  the  double  octave,  etc  Ton  Helmholtz,  atmiag  him- 
self with  a  series  of  tuned  resonators,  aonght  to  pick  up  and  recogniM 
as  members  of  a  Fourier  series  the  higher  harmonics  of  tbe  tones  of 
varions  instruments.  In  his  researches  he  goes  over  tbe  ground  pre- 
viously traversed  by  Bameao,  Smith,  and  Young,  who  had  all  obserred 
the  co-ezistence,  in  the  tones  of  mnsical  instruments,  of  higber  partisl 
tones.  These  higher  tones  correspond  to  higher  modes  of  vibratioD  in 
which  the  vibratile  organ — string,  reel,  or  air  column — subdivides  into 
two,  three,  four,  or  more  parts.  Such  \>aru  naturally  possess  greater 
fteqaency  of  vibration,  and  their  higher  tones,  when  they  co-exist  along 
with  the  lower  or  fundamental  tone,  are  denominated  upper  partial  tomt, 
thereby  signifying  that  they  are  higher  in  the  scale  and  that  tbey  oor 
respond  to  vibrations  in  parte.  It  is  to  be  regretted  that  Professor 
Tyndall,  in  bin  lectures  on  sound,  rendered  vou  Belmholtz's  Oberpiv- 
tialtihu  by  tbe  term  overtones,  omitting  the  most  significant  half  of  the 
word.  To  avoid  all  confusion  iu  the  nse  of  such  a  term  I  shall  rather 
follow  Dr.  KoBnig  in  speaking  of  these  as  sovnds  of  subdivinon.  And 
I  must  protest  emphatically  against  calling  these  sounds  harmonica,  I 
for  the  simple  reason  that  in  many  cases  they  are  very  inharmonioaSi 
It  is  a  matter  to  which  I  shall  recur  presently. 

Betnrning  to  the  sot^ect  of  beats,  tbe  question  arises.  What  beoonet 
of  the  beata  when  they  occur  so  rapidly  thnt  they  cease  to  produces 
discontinnouB  sensation  upon  the  eart    The  view  which  I  have  to  pot 
before  yon  ia  the  name  of  Dr.  Kcenig  is  that  they  blend  to  make  a  toos 
of  their  own.     Earlier  acousticians  have  propounded,  iu  accordancs 
with  this  view,  that  the  grave  harmonic  of  Tartini  (a  sound  which  ODr> 
responds  to  a  frequency  of  vibration  that  is  the  diference  between 
those  of  the  two  tones  producing  it)  is  dim  to  this  cause.     Von  Helmhoitt 
has  taken  a  dtflforent  view,  denying  thiit  the  beats  can  blend  to  fona 
a  sound,  giving  reasons  presently  to  be  examined.    Yon  Helmbolls'. 
consideretl  that  he  had  discoverett  a  new  species  of  combinatioflsl 
tone,  namely,  one  corresponding  in  frequency  to  tbe  sum  of  the  fiw-  - 
quenotes  of  the  two  tones,  whereas  that  discovered  by  Tartini  (and  b^  ' 
fure  him  by  Sorge)  corresponded  to  their  difference.    Accordingly,  fa*  ^ 
iiiclndes  nuder  the  term  of  oombiuatioiial  tones  tlie  differential  tonesf '-' 
Tartini  and  the  summational  tone  which  he  cousidered  himself  to  have  ' 
discovered.    To  the  existence  of  such  combinational  tones  he  ascribed 
a  very  important  part  in  determining  the  character,  harmonions  or  ; 
otherwitie,  of  cords  j  and  to  them  also  he  attributes  the  ability  of  tte  ' 
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earto  diBcrimtiiate  betweea  the  degrees  of  harmouioasDnss  poasewed 
^  anch  intervals  (&f tbs,  sixths,  etc)  as  consist  of  two  tooes  too  widely 
apart  OD  the  scale  to  );ive  beats  of  a  discontiaaous  character.  He  also 
eoofliden  that  snob  combiuatiooal  tones  are  chiefly  effective  in  pro- 
dnciig  beats,  the  SDEpmatiODal  tones  of  the  primaries  beating  with 
their  upper  partial  tones ;  and  that  this  is  the  way  in  which  they  make 
as  intcrral  more  or  less  harmonioas. 

The  whole  fabric  of  the  theory  of  harmony  as  laid  down  by  von 
Helnholtz  is  thus  seen  to  repose  npon  the  presence  or  absence  of 
beata;  and  the  beats  themselves  are  iu  turn  made  to  depend,  not  npon 
ttte  mere  interval  between  two  notes,  but  apou  the  timbres  also  of  those 
ootes,  aa  to  what  apper  partials  they  contain,  and  whether  those  par- 
tialscau  beat  with  the  sammational  tone  of  the  primaries.  It  becomes, 
then,  of  the  ntmost  importance  to  ascertain  the  precise  facts  abont  the 
beat!  and  abont  the  sapposed  combinational  tones.  What  the  numbers 
t^beats  are  in  any  given  case,  whether  they  do  or  do  not  correspond 
totiie  alleged  differential  and  sammational  tones,  these  are  vital  to 
the  theory  of  harmony,  Bqnally  vital  is  it  to  know  what  the  timbres 
of  sounds  are,  and  whether  they  can  be  accurately  or  adeqnatelyrepre- 
Hoted  by  the  sum  of  a  set  of  pnre  harmonics  correspondiDg  to  the 
tenos  of  a  Fonrier  series. 

In  investigating  beats  and  combinational  tones.  Dr.  Ecenig  deemed 
itof  the  highest  importance  to  work  with  instniments  producing  the 
poresttonee;  not  with  harmonium  reeds  or  with  polyphonic  sirens, 
Ibe  tones  of  which  are  avowedly  complex  iu  timbre,  but  with  massive 
steel  toning  forks,  the  pendular  movements  of  which  are  of  the  sim- 
plert  poesible  character.  Massive  tuning-forks  properly  excited  by 
bowJD^  with  a  violonceUo  bow,  or,  iu  the  case  of  those  of  high  pitch, 
br  rtrikiog  them  with  an  ivory  mallet,  emit  t«nes  remarkably  free  from 
aQsoondsof  BubdivisioD,  and  of  so  truly  pendular  a  character  (unless 
over-excited)  that  none  of  the  harmonics  corresponding  to  the  members 
of  a  Fourier  series  can  be  detected.  So  living  soul  has  had  a  tithe  oi 
the  experience  of  Dr.  Kcenig  in  the  handling  of  tuning  forks.  Tens  of 
fhfftiiHindf  of  them  have  passed  through  his  hands.  He  is  accnstomed 
to  tane  them  himself,  making  use  of  the  phenomenon  of  beats  to  test 
tb^aocnracy.  He  has  traced  out  the  [dienomenon  of  beats  through 
enrj  poaable  degree  of  pitch,  even  beyond  the  ordinary  limits  of  andi> 
tdlty,  with  a  tboronghness  utterly  impossible  to  surpass  or  to  equal. 
B^cse,  when  he  states  the  resultsof  his  experience,  it  is  idle  to  contest 
tke&cts  gathered  on  sach  a  unique  basis.  The  results  of  Dr.  Koenig'a 
nltrvatioos  on  beats  are  easily  stated.  He  has  observed  primary 
hnitn,  a*  well  as  beats  of  secondary  aud  higher  orders,  from  the  ioter- 
Bamsce  of  two  simple  tones  simultaneously  sounded. 

When  two  simple  tones  interfere,  the  primary  beats  always  belong 
ia  one  or  other  of  two  sets,  called  an  inferior  and  a  superior  set,  cor- 
vqtODdiDg  respectively  iu  number  to  the  two  remainders,  positive  and 
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negative,  to  be  foand  b;  diridiDg  the  freqaeocy  of  the  higher  tone  \>j 
that  of  the  lower. 

Thia  mode  of  statiog  the  factB  is  a  tittle  strange  to  those  trained  in 
English  modes  of  espressiog  arithmetical  oalcalations,  but  an  example 
or  two  wilt  make  it  plain.  Let  there  be  as  the  two  primary  sounds  two 
low  tones  having  the  respective  frequencies  of  40  vibrations  and  74  vi- 
bratious.  What  are  the  two  remainders,  positive  and  negative,  wbicli 
lesnlt  from  dividing  the  higher  namber,  74,  by  the  lower  nnmbw  40t 
Oar  English  way  of  stating  it  is  to  say  that  40  goes  into  74  once  and 
leaves  a  (positive)  remainder  of  34  over.  But  it  is  equally  correct  tosay 
that  40  goes  into  74  twice  all  but  6,  or  that  there  is  a  negative  remainder 
of  6.  Well,  Dr.  Koenig  finds  that,  when  these  two  tuning  forks  an 
tried,  the  eat  can  distingnish  two  sets  of  beats,  one  rapid,  at  34  per  sec- 
ond, and  one  Blow,  at  6  per  second. 

Again,  if  the  forks  chosen  are  of  frequencies  100  and  512,  we  ma; 
calculate  thus :  100  goes  into  512  five  times,  plus  12 ;  or  100  goes  into 
512  six  times,  minus  38.  In  this  actual  case  the  12  beats  belonging  to 
the  inferior  set  would  be  well  beard ;  the  88  beats  belonging  to  the  bd- 
perior  set  would  probably  be  almost  indistinguishable.  As  a  rule,  the 
inferior  beat  is  heard  best  when  its  number  is  tesi  than  half  the  freqaene; 
of  the  lower  primary,  whilst,  when  its  number  is  greater,  the  sapwior 
beat  is  then  better  heard.  Dr.  Eoenlg  has  never  been  able  to  hear  any 
primary  beat  which  did  not  fall  within  this  rule. 

Dr.  Kcenig  will  now  illustrate  to  you  the  beats,  inferior  and  superior, 
as  produced  by  these  two  massive  tuuing-forks,*  each  wetghiu^  about 
50  pounds  and  each  provide<l  with  a  large  resonating  cavity  coosisti&g 
of  a  metal  cylinder  about  4  feet  long,  fitted  with  an  adjustable  piston. 
One  of  them  is  tuued  to  the  note  ut,  =64.  The  other  also  sonads  wt, ; 
but,  by  sliding  down  its  prongs  the  adjustable  weights  of  gnn-metal  and 
screwing  in  the  piston  of  the  resonator,  its  pitch  can  be  raised  &  whole 
tone  to  rei=72.  Dr.  K<Bnig  excites  them  with  the  'cello  bow,  first  sep- 
arately, that  you  may  bear  their  individual  tones,  then  together.  At 
once  you  bear  an  intolerable  beating,  the  beats  coming  8  per  second. 
This  is  the  inferior  beat,  corresponding  to  the  positive  remainder ;  the 
superior  beat  you  cannot  hear.  Dr.  Kcenig  will  raise  the  note  of  the 
second  fork  from  re,  to  mi{=S0,  and  the  beats  quicken  to  16  per  second. 
Raising  it  to /ai=85^,  and  then  to  8ol]=06,  n-hile  the  first  fork  is  still 
kept  at  vt],  the  beats  increase  in  rapidity,  but  are  fainter  in  disCiiict- 
ness.  If  Dr.  Kmuig  now  substitutes  for  the  second  fork  one  tuned  to 
Iai=106J,you  may  be  able  to  hear  two  beats,  the  inferior  one  rapid  sod 
faint  at  42J  per  second,  and  the  superior  one  slower,  but  also  faint,  at 
21^  per  second.  Still  raising  the  pitch  to  the  true  seventh  toDe=IlS, 
the  rapid  inferior  beat  has  died  ont,  but  now  you  hear  the  saperior 

*  Theae  ttpleudid  Torka,  with  tbeir  reaoaatora,  aloug  with  otber  importMot  pieoca  at 
Dr.  Koenii^s  apparatus,  bave  eioce  been  Acquired  by  the  Science  aD'l  Art  J>epart- 
meat  for  the  ScieoM  Cullectioo  at  South  Keuaington. 
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strongly  at  16  persecood.  If  it  U  raised  once  more  to«ii=120(tbe 
aeTentli  of  the  ordinar;  scale),  the  lieats  are  still  stronger  and  slower 
at8  per  second.  Finally,  when  we  bring  the  pitch  up  to  the  octave 
ii^=:138,  we  find  that  all  beats  bare  disappeared :  there  is  a  perfectly 
nnooth  consonance.  The  facts  so  ot>served  are  tabulated  for  yoa  as 
followa ; 

Tablk  I. — Primary  beat*. 
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SnppoM  now,  keeping  the  lower  fork  analtered,  we  raise  the  pitch 
of  the  bigher  note  (taking  a  new  fork  that  starts  at  the  octave)  from 
ttt  to  toh  by  gradual  steps,  we  shall  And  that  there  begins  a  new  set  of 
primary  beats,  an  inferior  set,  which  are  at  first  slow,  then  get  more 
rapid  and  become  nndistinguishable,  bat  succeeded  by  another  rapid 
aod  indistinct,  which  grow  stronger  and  slower,  until  as  the  pitch  rises 
lotott,  the  frequency  of  which  is  exactly  three  times  that  of  uti,  all 
beats  again  vanish.  This  range  between  the  octave  and  the  twelfth 
tone  may  be  called  the  second  "period,"  to  distinguish  it  from  the 
period  from  nnisou  to  the  first  octave,  which  was  our  first  period. 
Similarly,  the  range  from  the  twelfth  tone  to  the  second  octave  ia  the 
third  period,  and  from  thence  to  the  major  third  above  ia  the  fourth 
period,  and  so  forth.  In  each  period  np  to  the  sixth  or  seventh  of  such 
periods,  a  set  of  inferior  and  a  set  of  superior  beats  may  be  observed, 
and  in  every  case  the  irequency  of  the  beats  corresponds,  as  I  have 
said,  to  one  or  other  of  the  two  remainders  of  the  frequencies  of  the 
tvo  tones.  No  beat  bus  ever  been  observed  corresponding  to  tbe  sum 
of  the  frequencies,  even  when  using  the  slowest  forks.  None  has  ever 
heen  observed  corresponding  to  the  difference  of  the  frequencies,  save 
in  the  first  period,  where  of  course  the  positive  remaiuder  is  simply 
the  difference  of  the  two  numbers. 

That  yoo  may  bear  for  yourselves  the  beats  belonging  to  one  of  the 
higher  periods,  Dr.  Koenig  will  take  a  pair  of  forks  which  will  give  us 
Bome  of  tbe  superior  beats  in  the  fourth  iwrJod.  One  of  the  forks  is 
the  great  u(|=64,  as  previously  used,  the  other  is  »it3=320,  their 
ratio  being  1 : 5,  Sounded  together  they  give  a  pure  consonauce,  but  if 
the  smaller  one  is  loaded  with  small  pellets  of  wax  to  lower  its  pitch 
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slightly,  aod  tbeo  bow  it,  at  onve  joa  bear  beats.  It  was  in  stodying 
(be  beats  of  these  higher  periods  that  Dr.  Kcenig  made  the  obsemtioii 
that,  whereas  the  beats  of  au  imperreet  unisou  are  heard  as  alternate 
sileaces  aod  eoande,  the  beats  of  tbe  (imperfect)  higher  periods—twelfth 
tone,  double  octave,  etc. — consist  mainly  in  variations  in  tbe  losdaeM 
of  tbe  lower  of  the  two  primary  tones,  an  observation  which  was  inde- 
pendently made  by  Mr.  Boaanqnet,  of  Oxford. 

Passing  from  the  beats  themselves,  I  approach  the  qnestion.  What 
becomes  of  the  beats  when  they  occur  too  rapidly  to  prodnce  on  the 
ear  a  disooDtiunous  sensation  T  On  this  matter  there  have  been  serail 
ooudicting  opinions,  some  holding,  with  Lagrange  aod  Tonng,  that 
they  blend  into  a  separate  tone;  others,  with  von  Helmhollz,  Diaio- 
taining  that  the  combinational  tones  can  not  be  so  explained  ami  arise 
fVom  a  different  cause.  Let  it  be  observed  that,  even  if  heat-tones  exist, 
it  is  quite  jrassible  ibr  beats  and  beat  tones  to  be  simultaneonsly  beard. 
A  similar  co-existeuce  of  a  continuous  and  a  discontinnoos  sensatiiw 
is  afforded  by  tbe  familiar  experiment  of  prodncing  a  tone  by  pressiDK 
a  card  against  the  periphery  of  a  rapidly  rotating  toothed  wheel.  "nMie 
is  a  certain  speed  at 'which  tbe  individual  impulses  begin  to  blend  into 
a  continuous  low  tone,  while  yet  there  are  diatiugaishable  the  discon- 
tinnoos  impulses,  the  degree  of  distinctness  of  the  two  coexisting 
sounds  being  dependent  on  tbe  manner  iu  which  the  card  is  pressed 
.  against  the  wheel,  that  is  to  say,  on  the  nature  of  the  individual  iD> 
pulses  themselves.  Tbe  opponents  of  tbe  view  that  beats  blend  into  a 
tone  state  plainly  enough  that,  in  their  opinion,  a  mere  sncceesiou  d 
alternate  sounds  and  silenccH  cannot  blend  into  a  tone  different  fr(»  - 
that  of  the  beating  tone.  Having  said  that  the  beats  can  not  blend, 
they  then  add  that  they  do  not  blend;  for,  say'they,theoombinatioBal  * 
tones  arc  a  purely  subjective  phenomenon.  I^astly,  they  say  that  even 
iftbe  beats  blend  tbey  will  not  so  explain  the  existence  of  oombioatioDal 
tones,  because  the  combiuation.it  tones  have  frequencies  which  do  not 
correspond  to  the  number  of  tbe  beats. 

In  the  teeth  of  all  these  views  and  opinions,  Dr.  Kcenig — withont 
dogmatizing  as  to  how  or  why  it  is — emphatically  affirms  that  beats  do 
produce  &ea(  tones;  and  be  has  pursued  the  matter  down  to  a  point  that 
leaves  no  room  for  doubting  tbe  general  truth  of  tbe  fact,  Tbe  alleged 
discrepancy  between  tbe  frequency  of  the  observed  conibinationfti  tones  . 
and  that  of  the  heals  disappears  when  closely  scrutinized.  Those  who 
count  tbe  beats  by  merely  taking  the  difference  between  the  frequen- 
cies of  the  two  primary  tones,  instead  of  calculating  the  two  remain-  ' 
ders,  will  assuredly  find  that  their  numbers  do  not  agree  in  pitch  with  ' 
the  actual  sounds  beard.  But  that  is  tbe  fault  of  their  miscalculatioa- 
Those  who  use  harmonium  reeds  or  polyphonic  sirens  instead  of  toning 
forks  to  i>Toduce  their  primary  tones  must  not  expect  from  anch  impsn 
sources  to  re-produce  the  effects  to  be  obtained  from  pure  tones.  And 
those  who  say  that  the  lieats  calculated  truly  from  the  two  remainders 
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will  not  account  for  tlie  sammatioDal  tones  have  nnrortuoately  Kune- 
tbiBg  to  Dulearn— namely,  that,  wUen  pure  tones  are  used,  under  no 
circanntances  is  a  tone  ever  heard  the  frequency  of  which  U  the  aum 
of  the  freqaencies  of  the  two  primary  tones. 

The  apparatoa  which  Dr.  Krauig  has  brought  over  enables  him  to 
demonatrate  in  n  manner  audible,  I  trust,  to  the  whole  assembly  in  this 
theatre  the  erlstence  of  the  beat  tones.  His  Arst  illustrations  relate 
to  tones  of  primary  beats,  some  belonging  to  the  inCeirior,  others  to  the 
■aperior  set,  in  the  first  period. 

He  takes  here  the  fork  lUe  =  2018,  fire  octaves  higher  than  the  great 
uti.  To  excite  it  he  may  either  bow  it  or  strike  it  with  au  ivory  mallet 
With  it  he  will  take  the  fork  oue  note  higher,  re,  =  2304.  When  he  took 
the  same  interval  with  ut|  and  re„  the  Dumber  of  beats  was  8.  Tbe  tU 
and  r<  of  the  next  octave  higher  wonld  have  given  us  16  bents,  that  of 
the  next  32,  that  of  the  next  64,  of  the  fourth  octave  128,  aud  that  of 
the  fifth  256.  But  25C  per  second  is  a  rapidity  far  too  great  for  the  ear 
to  hear  as  Mparate  soaods.  If  there  were  256  separate  impulses,  they 
wonld  blend  to  give  us  the  note  vli  =  256.  They  are  not  impttUe*,  but 
beait;  nevertheless,  they  blend.  Dr.  Kcenig  strikes  the  «f«,  theu  the 
rtt,  both  shrill  sounds  when  you  hear  them  separately ;  but  when  he 
strikes  them  in  qnick  succession  one  after  the  other,  at  tbe  moment 
when  the  mallet  strikes  the  second  fork  yon  hear  this  clear  «^  sound- 
ing out.  I  am  not  going  to  waste  your  time  in  a  disputation  as  to 
whether  the  souud  you  hear  is  objective  or  subjective.  It  is  enough 
that  you  hear  it,  pure  and  unmistakable  in  pitch.  It  is  the  grave  har- 
monic; and  the  number  256,  which  represents  its  frequency,  oorre- 
qKHids  to  the  positive  remainder  when  yon  divide  2304  by  2048. 

Nowlvt  me  give  yon  abeat  tone  belonging  to  thesuperior  set;  it  also 
will  be  a  grave  harmonic,  if  you  so  please  to  call  it;  but  its  frequency 
will  correspoDil  neither  to  the  difference  nor  to  the  sum  of  the  freqiien- 
eiee  of  the  two  primary  tones.  Dr.  Koenig  takes  «(a=2048  as  pre- 
viously, and  with  it  «i«  =  3340.  I^et  ns  calculate  what  the  superior  beats 
ought  to  be :  2048  goes  into  3840  twice,  Jess  256.  Then,  liJO  being  the 
n^^ative  remainder,  wo  ought  to  hear  from  these  two  forks  the  beat 
tone  of  256  vibrations,  which  is  u(3,  the  same  note  as  in  our  last  experi- 
ment. He  strikes  the  forks,  aud  you  hear  the  result.  The  beat  tone, 
wbicb  is  neiUier  a  dittisrential  tone  nor  a  summational  tone,  corre- 
^MHids  to  the  calculated  number  of  beats. 

If  I  take  ul«  =  2048  and  tolfs  3072,  the  two  remainders  both  come  out 
at  1034,  which  is  uti.  Dr.  Kmnig  will  first  sonnd  n't  itself,  separately, 
on  an  uU  fork,  that  you  may  know  what  sound  to  listen  for.  Its  sound 
has  died  away ;  and  now  ho  strikes  utf  and  soft,  when  at  ouce  you  hear 
■1«  ringing  out.  That  sound  wbick  you  all  hcanl  corresponds  to  the 
calcalated  number  of  beats.    That  is  enough  for  my  present  purpose. 

Tbe  next  iilnstration  is  a  little  more  complex.  I  select  a  case  in 
which  tbe  beat  tones  corresponding  to  tbe  inferior  and  the  suiterior 
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beata  will  both  be  present.  We  shall  have  foar  toues  altogether— two 
primary  toues  and  two  bent  tones.  The  forks  1  select  are  tiff  =3018, 
as  before,  and  a  fork  which  is  taned  to  vibrate  exactly  11  times  as 
rapidly  at  ut, — it  is  the  eleveatb  harmonic  of  that  note,  bat  does  not  oor- 
respond  precisely  to  any  note  of  the  diatonic  scale.  It  has  2816  ribrft- 
tions,  and  is  related  to  u^  as  11 :  8.  The  two  remainders,  will  now  be 
768  and  1280,  which  are  the  respective  fteqaeacies  of  sol,  and  «h. 
Dr.  Kffinig  will  first  soand  those  notes  oo  two  other  forks,  that  yvo 
may  know  beforehand  what  to  listen  for.  Now,  on  striking  the  two 
shrill  forks  in  rapid  succession,  the  Uoo  beat  toues  are  heard. 

If  I  select,  instead  of  the  eleventh  barmonic,  the  thirteenth  hannoDle 
of  uf],  vibrating  332S  times  in  the  second,  to  be  soonded  along  with 
vlt,  the  same  two  beat  tones  will  be  produced  as  in  the  preceding  case; 
bat  mi's  =  1280  is  now  the  Inferior  one,  corresponding  to  the  positive  re- 
mainder, whilst  »ot,  =  708  is  the  superior  tone,  corresponding  to  the 
negative  remainder.  It  is  certainly  a  striking  corroboratioD  of  Dr. 
Koeuig's  view  that  the  beat  tones  actually  heard  in  tbese  last  two  ex- 
periments  should  come  oot  precisely  alike,  though  on  the  old  view, 
that  the  combinatioual  tones  were  simply  the  summational  anddiffler- 
ential  tones,  one  would  have  been  led  to  expect  the  Bounds  in  the  two 
experiments  to  be  qnite  different 

One  other  example  I  will  give  you  of  a  beat  tone  belonging  to  the 
second  )>eriod.  The  two  primary  notes  are  given  by  the  forkii  vt^  = 
1024  and  rc«  =  2304.  The  beat  tone  which  yon  hear  is  ut^  =  256,  whidi 
corresponds  to  tbe  positive  remainder. 

It  will  be  convenient  to  draw  up  in  tabular  form  the  reeuUa  just 
obtainetl.  These  may  be  considereil  aa  abbreviations  of  the  much  more 
extended  tables  drawn  np  by  Dr.  Eoeuig,  which  bang  u[>on  i  he  vails, 
and  which  are  to  be  found  in  his  book,  "Qnelqnea  Exp^ri 
d'Aconstitiue." 

Tablk  Il.—Soundt  of  primary  heali. 
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11. 

So  far  we  bare  been  dealing  with  primary  beats  and  beat-tonea;  bat 
there  ar«  altto  secondary  beats  and  secondoty  beat-tones,  wliich  are  pro- 
daced  by  the  ioterference  of  primary  beat-tones.  An  example  of  a  sec- 
oodsiy  beat  is  afforded  by  the  following  experiment.  Becarring  to  the 
precedlug  table  of  ezperiments,  it  may  be  observed  that  when  the  two 
shrill  notes,  V  fei  »ok,  Riving  the  interval  of  the  fifth,  are  sounded  to- 
gether, the  inferior  and  superior  beat-tones  are  both  present  and  of  the 
same  pitch.  If,  now,  one  of  the  two  forks  is  lightly  loaded  with  pel- 
lets of  wax  to  put  it  outof  adJustnieDt,  we  shall  get  beats,  not  between 
the  primary  tones,  bat  between  the  beat-tones.  Suppose  we  add  enongh 
wax  to  redace  the  vibration  of  so'e  from  3,072  to  3,070.  Tbeu  the  posi- 
tive remainder  is  1,022  and  the  negative  remainder  is  1,026,  the  former 
beisg  «f,  flattened  two  vibrations,  tbe  latter  the  same  note  sharpened 
to  an  equal  amount.  As  a  result  there  will  be  beard  four  beats  per 
Becond— secondary  beats.  Similarly,  the  intervals  2  :  .1, 2  ;  7,  if  slightly 
mistaued,  will,  like  tbe  fifth,  yield  secondary  l>eat8.  Or,  to  put  it  in 
uiotber  way,  there  may  be  secondary  beats  from  tbe  (mistuned)  beat- 
tooes  that  are  related  (as  in  oar  experiment)  in  the  ratio  1  :  1  or  in  tbe 
ratios  3 : 4,  3 :  6,  etc.,  and  even  by  those  of  1 : 2,  4  :  5,  4 : 7,  etc. 

1  Lave  given  yon  an  example  of  secondary  beat« ;  now  for  an  exam- 
ple of  a  secondary  beat-tone.  This  is  afforded  by  one  of  tbe  previous 
ei|>erinient8,  iu  which  were  sounded  ut,  and  the  11th  harmonic  of  u^. 
In  this  experiment,  as  iu  that  which  followed  with  the  13th  harmonic, 
two  (primary)  beat-tones  were  produced,  of  768  and  1,280  vibrations  re- 
spectively. These  are  related  to  one  another  by  tbe  interval  3:5.  If 
we  treat  these  aa  tones  that  can  themselves  interfere,  they  will  give  as 
for  their  positive  remainder  the  number  256,  which  is  tbe  frequency  of 
o'l-  Asamatterof  £act,if  you  listen  carefully  you  may,  now  that  yoar 
attention  has  been  drawn  to  it,  bear  that  note,  iu  addition  to  the  two 
primary  tones  and  the  two  beat-tones  to  which  you  listened  previously. 
In  von  Helmholtz's  Tonempflndungen  he  expresses  the  opiuiou 
that  the  distinctness  with  which  beats  are  heard  depends  upon  the 
uwrowness  of  the  interval  between  tbe  primary  tones,  saying  that 
tbey  mast  be  nearer  together  than  a  minor  third.  But,  as  we  have 
Ken,  using  bass  sounds  of  a  sufficient  degree  of  intensity  and  purity, 
u  is  the  case  with  those  of  the  massive  forks,  beats  can  be  heard  with 
every  interval  from  tbe  mistuned  unison  up  to  tbe  mistuned  octave. 
Even  the  interval  of  the  fifth,  «(,  to  soli,  gave  strongly  marked  beats 
of  32  per  second.  When  this  number  is  attained  or  exceeded,  the  ear 
nsDally  begins  to  receive  also  the  effect  of  a  very  low  continuous  tone, 
tbe  beats  and  tbe  beat-tone  being  simultaneously  perceptible  up  to 
about  60  or  70  beats,  or  as  a  roughness  up  to  128  per  second.  If,  using 
foika  of  higher  pitches,  but  of  narrower  interval,  one  produces  the 
same  number  of  beats,  the  beat-tone  is  usually  more  distinct    Uonbt- 
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less  tbis  arises  trom  the  greater  trae  intensity  of  the  soands  of  highr 
pitch.  With  Che  object  of  parsaing  this  matter  still  moreolosriy ,  Dr. 
Koenig  constrncted  a  series  of  I'J  forks  of  extremely  high  pitch,  »11 
vithin  the  range  of  half  a  tone,  the  lowest  giving  st|  and  the  hiitliest 
lit,.  The  frequencies  and  the  beats  and  beat-tones  given  by  Beven  of 
them  are  recorded  in  Tabl«»  iii. 

Tablb  III. 
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Tbe  first  of  these  intervals  is  a  diatonic  semitone ;  the  second  of  them 
ieaqoarter-tone;  the  third  is  an  eighth  of  a  tone;  nevertheless,  a  sen- 
sitive ear  will  readily  detect  a  difference  of  pitch  between  the  two  sep- 
arate sonnds.    Tbe  last  of  the  intervals  is  about  half  a  comma. 

These  forks  are  excited  by  striking  them  with  a  steel  hammer.  Soate 
of  the  resulting  beat-tones  will  be  heard  all  over  the  theater;  bat,  is 
the  case  of  the  very  low  tones  of  40  and  32  vibrations,  only  those  who 
are  close  at  band  will  hear  them.  The  case  in  which  there  are  26  bests 
is  carious.  Most  hearers  are  doubtful  whether  they  perceive  a  tone  or  ^ 
not.  There  is  a  ourions  fiuttering  effect,  as  thongh  a  tone  were  thwe* 
bnt  not  contiuaonsly. 

We  have  seen,  then,  that  tbe  beat-tones  correspond  in  pitch  to  tbs 
number  of  tbe  beats;  that  they  can  themselves  interfere  and  givesce- 
ondary  beats;  and  that  the  same  number  of  beats  will  always  gin 
the  same  beat-tone  irrespectively  of  the  interval  between  the  two  pri- . 
mary  tones.  What  better  proofs  conld  one  desire  to  support  the  Tiev 
that  the  beat-tones  are  caused,  ne  Dr.  Tonng  supposed,  by  the  saaW'^ 
cause  as  the  beats,  and  not,  as  von  Helmboltz  mnintains,  by  smh; 
other  causef  Yet  there  are  some  further  points  in  evidence  which  sM'. 
of  significance  and  lend  additional  weight  to  the  proofe  already  Ad- 
duced. 

Beats  behave  like  primary  impulses  in  the  following  respect,  tk*t 
when  they  come  with  a  frequency  between  32  and  128  per  second,  tb^' 
may  bo  heard,  according  to  circnmstances,  either  discontiDnoosly  W 
bleudiug  into  a  continuous  sensation. 

It  has  been  objected  that,  whereas  beats  imply  interference  betwMi  ^ 
two  separate  modes  of  vibration  arising  >n  two  separate  organs,  oombi' , 
natiou-toues,  whether  summational  or  differential  or  any  other,  innit 
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taketiieir  Olivia  from  some  one  organ  or  portion  of  vibratHe  matter 
TibiatJBg  ia  a  single  but  more  complex  mode.  To  tbis  objection  an  ex> 
perimeDtal  auswer  has  been  retarned  by  Dr.  Eoeuig  in  the  following 
viy.  Be  takes  a  prismaCio  bar  of  steel,  about  0  inches  in  length,  and 
filca  it  to  a  rectangnlar  Bection,  bd  as  to  give,  vhen  it  ia  struck  at  the 
middle  of  a  face  to  ev  oke  transversal  vlbratioDS,  a  sound  of  some  well- 
defined  pilch.  By  carefuUf  adjasting  the  sides  of  the  rectangular  sec- 
tioa  ID  proper  pnqmrtious,  the  same  ateel  bar  can  be  made  to  give  two 
different  notes  when  struck  in  two  directions  respectively  parallel  to 
iJieloDg  and  short  sides  of  the  rectangle.  A  set  of  such  tuned  steel 
bars  are  here  before  yon.  Taking  pne  taucd  to  the  note«f«=2,048,  with 
rei=2,394,  Dr.  Koenig  will  give  yon  the  notes  separately  by  striking 
the  bar  with  a  small  steel  hammer  when  it  is  lying  on  two  little  bridges 
of  vood,  first  on  one  face,  then  on  the  other  face.  If,  now,  he  strikes  it 
OD  the  comer,  so  as  to  evoke  both  notes  at  once,  you  immediately  hear 
the  strong  boom  of  tift=256,  the  inferior  beat-tone.  If  Dr.  Koenig  takes 
>  Beoond  bar  toned  to  ti^  and  «ts=3,S40,  you  bear  also  ut^  this  time  the 
superior  beat-tone.  If  he  takes  a  bar  tuned  to  utt  and  the  11th  har- 
monie  of  tits  (in  the  ratio  8 :  11)  you  hear  the  two  beat-tones  »oU  and  mit 
lin  ntioa  of  3  and  6  respectively),  precisely  as  yon  did  when  two  sepa- 
latA  forks  were  used  instead  of  one  tuned  bar. 

Dr.  EcBolg  goes  beyond  the  mere  etatemeut  that  beats  blend  to  a 
tone,  and  lays  down  the  wider  proposition  that  any  series  of  maxima 
and  minima  of  sounds  of  any  pitch,  if  isocfaronons  and  similar,  will  al- 
ways produce  a  tone  the  pitch  of  which  corresponds  simply  to  the  fre- 
qaeacy  of  such  maxima  and  minima.  A  series  of  beats  may  be  regarded 
as  sach  maxima  and  minima  of  sound ;  bnt  there  are  other  ways  of  pro- 
ducing the  effect  than  by  beats.  Dr.  Koenig  will  now  illustrate  some 
of  these  to  yon. 

If  a  shrill  note,  produced  by  a  small  organ-pipe  or  reed,  be  conveyed 
■long  a  tube,  the  endof  which  terminates  behind  a  rotating  disk  pierced 
with  large,  equidistant  apertures,  the  sound  will  be  periodically  stopped 
wi  transmitted,  giving  rise,  if  the  intermittenoes  are  slow  enough,  to 
effects  closely  resembling  beats,  but  which,  if  the  rotation  is  snffl- 
oently  rapid,  blend  to  a  tone  of  definite  pitch.  Dr.  Kcenig  uses  a  large 
nocdisk  with  10  holes,  each  about  1  inch  in  diameter.  In  one  set  of 
eiperiments  this  disk  was  driven  at  8  revolutions  per  second,  giving 
rise  to  128  intermittences.  The  forks  used  were  of  all  different  pitches 
fiem  Mt,  =  256  to  u^  =  4090.  In  all  cases  there  was  heard  the  low  note 
■ti  corresponding  to  128  vibrations  per  second.  In  another  series  of 
uperiments,  using  forks  utt  and  ut],  the  number  of  intermittenoes  was 
t^ed  from  12S  to  236  by  increasing  the  speed,  when  the  low  note  rose 
titeo  from  utt  to  utj. 

Vma  t^ese  experiments  it  ia  but  a  step  to  the  next,  in  which  the  in- 
twaity  of  a  tone  ia  caused  to  vary  in  a  periodic  manner.    For  this  pur- 
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poae  Dr.KcBuig  has  ooiistmoted  a  siren-disk  (Fig.  1),  pierced  witb  bi^ 
arranged  at  eqnal  diatancea  aroniid  seven  concentric  circles ;  bat  the 
sizes  of  the  holes  are  made  to  vary  periodically  from  small  to  large. 
In  each  circle  are  192  equidistant  holes,  and  the  nnmber  of  maxima  in 
the  respective  circles  was  12, 16,  24,  32,  48,  64,  and  96.    On  rotatjog 


this  disk,  and  blowing  from  behind  tlirongli  a  atnall  tabe  opposite  tbe 
ontermost  circle,  tliere  are  lieard,  if  the  rotation  is  slow,  a  note  cor-  : 
responding  to  tba  number  of  holes  passing  per  second  and  a  beat  oor-  j 
responding  to  tbe  number  of  maxima  x>er  second.    With  more  rapid 
rotation  two  notes  are  beard — a  sbrill  one,  and  another  4  octaveu  low  , 
iu  pitch,  tbe  latter  being  the  beat-tone.    On  moving  tbe  pipe  so  ttut  i 
wind  is  blown  snccessively  tlirougb  each  ring  of  apei'tares,  there  ii 
beard  a  shrill  note,  which  is  the  same  iu  each  case,  and  a  second  note  j 
(corresponding  to  the  successive  beat-tones)  which  rises  by  interv^  of  i 
fourths  and  fifths  from  circle  to  circle. 

These  attempts  to  produce  artificially  tbe  mechanism  of  beats  were, 
however,  open  to  criticism;. for  in  them  the  phase  of  tbe  iodividiul 
vibrations  during  one  maximum  is  tbe  same  as  that  of  tbe  indiridul 
vibrations  in  the  next  succeeding  maximnm;  whereas  in  tbe  actual 
beats  produced  by  the  interference  of  two  tones  the  ohases  of  tbe  indi- 


vidua!  vibrations  iu  two  successive  maxima  differ  by  half  a  vibratioB, 
as  may  be  seen  by  simple  insitectiou  of  the  carves  corresponding  to  ■  : 
series  of  beats.  When  this  difference  was  pointed  out  to  Dr.  Rcenlfe  J 
he  constructed  a  new  siren  disk  (Fig.  2),  having  a  similar  series  of  ' 
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holes  of  rary iDg  size,  but  spaced  out  so  as  to  correspoad  to  a  difference 
ofbalf  a  ware  between  tbe  sets.  With  this  diek,  beats  are  distinctly 
produced  with  slow  rotation,  and  a  beat-tone  when  the  rotation  ia 
more  rapid. 

Finding  this  result  ttom  the  spacing  oat  of  apertures  to  correapood 
in  pOBition  and  magnitude  to  the  individaal  wavelets  of  a  coniplex  train 
of  waves,  it  ocenrred  to  Dr.  Ktenig  that  the  phenomena  of  beats  and 
of  beat'tones  might  be  still  more  fally  re-produced  if  the  «dge  of  tbe  disk 
were  cut  away  into  a  wave-form  correspoudiug  precisely  to  tbe  case  of 
tLe  resoltant  wave  prodaced  by  the  compositiou  of  two  iuterfering 
waves.  Accordingly  he  calculated  the  wave-forms  for  the  cases  of  sev- 
eral intervals,  and  having  set  out  these  carves  around  tbe  periphery 
of  a  brass  plate,  cat  sway  tbe  edge  of  the  plate  to  the  form  of  the  de- 
sired wave.  Two  such  wave-disks,  looking  rather  like  circular  saws 
with  irregalnr  teetli,  are  depicted  in  Figs.  3  and  4.    These  correspond  to 


■be  respective  intervals  8:  Id  and  8:  23.  A  uumljer  of  such  wave- 
dUks corresponding  to  other  intervals  lie  upon  tbe  table;  these  two 
will  however  snfflce.  In  tbe  first  of  these  the  curve  is  that  which 
*oiild  be  obtained  by  setting  oitt  around  the  periphery  a  series  of  120 
Biiaple  sinusoidal  waves,  and  a  second  set  of  64  waves,  and  then  com- 
pooDdiDg  them  into  one  resultant  wave.  In  order  to  ])ermit  of  a  com- 
pariaou  being  made  with  the  simple  componeut  sounds,  two  concentric 
TiDgB  of  boles  have  been  also  pierced  with  120  and  64  holes  respectively. 
Begarding  these  two  numbers  as  tbe  frequency  of  two  primary  tone»>, 
Uiere  ought  to  result  beats  of  frequency  S  (being  the  negative  re- 
mainder corresponding  to  the  saperior  beat).  An  interior  set  of  8  boles 
i«  also  pierced,  to  enable  a  comparison  to  be  made.  To  experiment 
vith  such  wave  disks  they  are  mounted  upon  a  smoothly  rnnning 
vbirling-table,  and  wind  from  asnitable  wind-chest  is  blown  against 
the  wave  edge  from  behind  through  a  narrow  slit  set  radially.  In 
this  way  the  air-pressures  in  front  of  the  wave-edge  are  varied  by  the 
nub  of  sir  between  tbe  teeth.    It  is  a  question  not  yet  decided  how 
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fitr  these  piessares  correspond  to  the  valaes  of  theordinateaofthe 
ciinreB.  This  qoestioD,  vhich  iovolves  the  validity  of  the  entire  prio- 
dpleof  tbewave-sirea,  cannot  here  be  considered  in  detail.  Snffloeit 
to  8ay  that  for  present  purposes  the  results  are  amply  convindufr. 

The  wave-disk  (Fig.  3)  has  been  clamped  upon  the  whirling-table, 
which  an  assistant  sets  into  rotation  at  a  moderate  speed.  I>r.  Ktenig 
blows  first  tbroagb  a  small  pipe  throngb  one  of  the  rows  of  boles,  tfaes 
throngh  the  other.  The  two  low  notes  sound  out  separately,  just  a 
major  tone  apart  Then  he  blows  through  the  pipe  with  a  slotted  moath- 
pieoe  against  the  waved  edge ;  at  once  you  hear  the  two  low  notes  inter 
fering,  and  making  beab).  On  increasing  the  speed  of  rotation  the  two 
DOl«s  become  shrill,  and  the  beats  blend  into  a  beat-tone.  Notice  the 
pitch  of  that  beat-tone :  it  is  precisely  the  same  as  that  which  he  now 
prodocesby  blowing  throngb  the  small  pipeagainsttheriugofSholea. 
With  the  other  wave-disk,  having  ISl  and  C4  boles  in  the  two  primai; 
circles,  giving  a  wave  form  corresponding  to  the  interval  8:23,  tbe 
effects  are  of  the  same  kind,  and  when  driven  at  tbe  same  speed  gives 
tbe  same  beat-tone  as  tbe  former  wave-disk.  It  will  be  noted  tiiat  in 
each  of  these  two  cases  the  frequency  of  tbe  beat-tone  is  neither  the 
diffierenoe  nor  tbe  sum  of  tbe  freqneucies  of  tbe  two  primary  tones. 

A  final  proof,  if  such  were  needed,  is  afforded  by  an  experiment,  which 
though  of  a  striking  character,  will  not  necessarily  be  beard  by  all  per 
sons  present,  being  only  well  heard  by  tbose  who  sit  in  certain  poei- 
tions.  If  a  shrill  tuning-fork  is  excited  by  a  blow  of  the  steel  mallet, 
and  held  opposite  a  flat  wall,  part  of  the  waves  which  it  emits  strike  on 
the  surface,  and  are  reflected.  This  reflected  system  of  waves,  as  it 
passes  out  into  tbe  room,  interferes  with  the  direct  system.  As  a  result, 
if  tbe  fork,  held  in  the  hand,  be  moved  toward  the  wall  or  ffomil 
series  of  maxima  and  minima  of  sound  will  successively  reacka 
situated  in  space  abany  point  near  the  line  of  motion,  and  willt 
as  a  series  of  beats ;  the  rapidity  with  which  they  succeed  on 
being  proportional  to  the  velocity  of  tbe  movement  of  tbe  t 
fork  Dr.  K<Bnig  is  using  is  uU,  which  gives  well  marked  t 
when  he  moves  his  arm  slowly,  quick  when  be  moves  it  qniokl 
are  limits  to  tbe  speed  at  which  tbe  hnman  arm  can  be  moTedU 
quickest  speed  that  be  can  give  to  his,  fails  to  make  the  beats  fl 
a  tone.  But  if  he  will  take  aok,  vibrating  ]  ^  times  as  fast,  aw 
it',  and  move  it  away  from  tbe  wall  with  tbe  fastest  speed  that  bfai  n 
will  permit,  the  beats  blend  into  a  short  low  growl,  a  non-nniform  tone 
of  low  pitch,  but  still  having  true  coutinnity. 

The  flrst  portion  of  my  account  of  Dr.  Kienig's  researches  may  then 
be  summarized  by  saying  that  in  all  circumstances  where  beats,  either 
oatnral  or  artificial,  can  be  prodaced  with  sufficient  rapidity,  they  blwd 
to  form  a  beat-tone  of  a  pitch  corresponding  to  their  frequency. 
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III. 

I  uw  pus  to  tbe  further  part  of  the  researches  of  Dr.  Koenig  which 
relates  to  the  timbre  of  sounds.  Prior  to  tbe  researches  of  Dr.  Koenig 
Itliadbeensapposed  thatia  tbe  receptioa  b;  tbe  ear  of  sooadsof  com- 
I^  timbre  the  ear  took  no  accoont  of,  and  indeed  was  incapable  of 
pmeiring,  any  differences  in  phase  in  the  constitaeDt  partial  tones. 
For  eiample,  in  tbe  case  of  a  note  and  its  octave  sounded  together,  it 
tu  supposed  and  believed  that  the  sensation  in  the  ear,  when  the 
liiffereace  in  phase  of  the  two  components  was  equivalent  to  ono- 
h^f  of  the  more  rapid  wave,  was  the  same  as  when  that  difference  of 
pbsse  was  one-quarter,  or  tbree-qaartvrs,  or  zero.  I  bad  myself,  in 
the  year  1876,  wbeu  studying  some  of  the  phenomena  of  binaural  audi- 
tioj],s)iown  reasons  for  holding  that  the  e.ir  does  nevertheless  take  cog- 
nizance  of  such  differences  of  phase.  Moreover,  tbe  peculiar  rolling  or 
KYoWing  effect  to  be  noticed  in  slow  beats  is  a  proof  that  the  ear  per. 
ceives  some  difference  due  to  difference  of  phase.  Dr.  Ktsnig  is 
hoverer  the  first  to  pat  this  matter  ou  a  distinct  basis  of  observations. 
Tliat  such  differences  of  phase  occur  in  the  tones  of  musical  instru- 
njents  is  certain ;  they  arise  inevitably  in  every  case  where  the  sounds 
of  sabdivision  are  such  that  they  do  not  agree  rigidly  with  the  theo- 
retical harmonics.  Fig.  5  depicts  a  graphic  record  taken  by  Dr.  Kcenig 
from  s  vibrating  steel  wire,  in  which  a  note  and  its  octave  had  been 
silnnltaQeonsly  excited.  The  two  sonnds  were  scarcely  perceptibly 
different  from  their  trne  interval,  l)ut  tbe  higher  note  was  jnst  suffl. 
i^Qtly  sharper  tban  the  trae  harmonic  octave  to  gain  about  one  wave 
>o  ISO.    The  graphic  trace  has  in  figure  6  been  split  ap  into  five  pieces 


lofadlitate  insertion  iu  the  text.  It  will  be  seen  that  as  the  phase 
Endually  changes  the  form  of  tbe  waves  undergoes  a  slow  change 
^om  wave  to  wave.  2Tow,  it  is  aaually  assumed  that  in  the  vibrations 
^fByminetrical  systems,  such  as  stretched  cords  and  open  columns  of 
>ir,  tbe  sounds  of  subdivision  agree  with  tbe  theoretical  harmonics. 
Pot  example,  it  is  assumed  that  wbeu  a  stretched  string  breaks  up  into 
i  nodal  vibration  uf  four  parts,  each  of  a  quarter  its  length,  the^' 


362  DB.  K<EH10'S  SESEABCHES  ON 

vibiation  ia  precisely  four  times  as  rapid  as  the  fandameatal  vibntiiKL 
of  the  string  as  a  whole.  This  would  be  tme  if  the  striDg  were  abso- 
lutely aniform,  bomogeneoas,  and  devoid  of  rigidity.  Strings  never 
are  so;  and  even  if  aniform  and  bomogeneons,  seeing  tbat  tbe  rigidity 
of  a  string  has  the  effect  of  making  a  short  piece  stiffer  in  proportion 
than  a  long  piece,  can  not  emit  true  harmonics  as  tbe  sonoda  of  snbdi- 
viaion.  In  horns  and  open  organ  pipes  tbe  width  of  the  colnmn  (which 
is  usaally  neglected  in  simple  calcnlationa)  affects  the  freqaency  of  tbe 
Dodal  modes  of  vibration.  Wertheim  found  tbe  partial  tones  of  pipes 
higher  than  the  aapposod  harmonics. 

These  things  being  so,  it  is  manifestly  inenfflcient  to  assnme,  as  von 
Helmholtz  does  iu  bis  great  work,  that  alt  timbres  possess  a  pnnly 
periodic  character;  with  the  necessary  corollary  that  all  timbres  OMh 
sist  merely  in  tbe  presence,  with  greater  or  less  intensity,  of  oneorBHB 
members  of  a  series  of  higher  tones  corresponding  to  the  terms  of  a 
Foarier  series  of  harmonics.  When,  therefore,  following  ideas  baMri 
on  this  assamption,  von  Helmholtz  constrncts  a  series  of  resoBatM^ 
accnrately  tnned  to  correspond  to  the  terms  of  a  Foarier  series  (Ab 
first  being  tnned  to  some  fundamental  tone,  tbe  second  to  one  of  ate- 
qnency  exactly  twice  as  great,  the  third  to  a  fVeqnency  exactly 
times,  and  so  forth),  and  applies  sncb  resonators  to  analyze  Un 
bres  of  various  musical  and  vocal  sonnds,  heistryingtouiakehis 
ators  pick  up  things  which  in  many  cases  do  not  exist — upper  paittri 
tonea  which  are  exact  harmonics.  If  they  are  not  exact  hannt 
even  though  they  exist,  his  nined  resonator  does  not  hear  them,  on 
hears  them  imperfectly,  and  he  is  thereby  lead  into  an  erroneous 
elation  of  tbe  aonnd  under  examination. 

Further,  when  iu  .pursuance  of  this  dominant  idea  he  constmcta  a 
system  of  electro- magnetic  tuning-forks,  accurately  tuned  to  give  forUi 
the  true  mathematical  harmonica  of  a  fixed  series,  thinking  therewith 
to  reproduce  artificially  tbe  timbres  not  only  of  tbe  various  musical 
instruments  but  even  of  the  vowel  sounds,  he  fails  to  reprodaoe  the 
supposed  effects.  The  failure  is  inherent  intbe  instrument;  forit  cao 
not  reproduce  tboae  natural  timbrca  which  do  not  fall  within  the  cir- 
cumscribed limits  of  its  imposed  mathematical  principle. 

ITothiug  is  more  certain  tbau  that  in  the  toneaof  instmmentJ<,  partio- 
olarty  in  those  of  snob  iuatruments  as  the  harp  and  the  pianoforte,  ib 
which  tbe  impulse,  once  given,  is  not  sustained,  the  relatioos  betwen 
the  component  partial  tones  are  continually  changing,  both  in  relative 
intensity  and  in  phase.  The  wavelets,  as  they  follow  one  another,  ate 
ever  changing  their  forms;  in  other  words,  the  motiona  are  not  truly 
periodic — their  main  forms  may  recur,  but  with  modiflcatioua  ever 
changing. 

To  estimate  tbe  part  played  in  such  phenomena  by  mere  differencet 
of  phase— to  evaluate,  in  fact,  the  iiiflueuce  of  phase  of  the  constito- 
ents  upon  the  integral  effect  of  a  compound  sound— Dr.  KoBoig  had 
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leDcrarse  to  the  wave-tiren,  an  earlier  inveDtion  or  bis  owo,  and  of  which 
tbe  wavfrdisfeg  which  have  already  been  shown  are  examples. 

In  the  firet  place,  Dr.  Kcbdik  proceeded  synthetically  to  constrnct  the 
nre-forms  for  tones  cousisting  of  the  resaltant  of  a  set  of  pure  bar- 
noDics  of  gradually  decreasing  intensity.  The  curresof  theae,  ap  to 
tbe  tenth  member  of  the  series,  were  carefally  compounded  graphically : 
first  with  zero  difference  of  phase,  then  with  all  the  upper  members 
shifted  on  one  quarter,  then  with  a  difference  of  a  half-ware,  then  with 
adiSereDce  of  three-quarters.  The  results  are  shown  in  tbe  top  line  of 
mrves  in  Fig,  0,  wherein  it  will  be  noticed  that  the  carve  for  difference 
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from  wbich  wind  issnea,  the  maxitnam  displacement  of  air  Till  result 
when  tUesIitisleastcovered,  or  when  the  point  of  greatest  depnswoo 
of  tlieoarve  crosses  the  front  of  the  slit  The  negative  ordinatee  of  the 
onrve  correspond  therefore  approximately  to  condensations.    Air  ii 


DOW  being  snpplied  to  the  slits ;  and  when  I  open  one  or  other  of 
the  valvee  which  control  the  air  passages,  you  bear  one  or  other  of  tbe 
sounds.  It  must  be  audible  to  everyone  present  that  the  sound  is 
louder  and  more  forcible  with  a  difference  of  phase  of  \  than  in  any 
other  case,  that  produced  with  ^  difference  being  gentle  and  soft  in  tooe, 
whilst  the  curves  of  phase  0  aud  i  yield  tones  of  intermediate  quatjij'- 
Dr.  Koenig  found  that  if  he  merely  combiued  together  in  various  pha$M 
a  note  and  its  octave  (which  was  indeed  tbe  instance  examined  by  me 
binanrally  in  1876),  the  loudest  resultant  sound  is  given  wbeo  tbe  phase 
difference  of  the  combination  is  i,  and  the  mildest  wheu  it  is  j. 

Betuming  to  Fig.  6,  in  tbe  second  line  are  shown  tbo  curves  which 
result  from  the  superposition  of  the  odd  members  only  of  a  barmonifl 
series  of  decreasing  amplitude.  On  comparing  together  the  curves  of 
the  four  separate  phases,  it  is  seen  that  the  form  is  identical  for  phases 
0  and  i,  which  show  rounded  waves,  whilst  for  phases  i  and  |  the  fonM 
are  also  identical,  but  with  sharply  angular  outline.  These  two  varie- 
ties of  curve  are  set  out  on  the  two  edges  of  tbe  highest  metallic  at- 
cumferenoe  in  the  apparatus  depicted  in  Fig.  7.  Tbe  angular  waves  aro 
found  to  yield  a  louder  and  more  strident  tone  than  the  rounded  waves, 
though,  according  to  von  Helmholtz,  their  tones  should  be  alike. 

A  much  more  elaborate  form  of  compound  wave  siren  was  constructed 
by  Dr.  K<Bnig  for  tbe  syuthetic  study  of  these  phase  relations.    CTpon  ; 
a  single  axis,  one  behind  tbe  other,  is  mounted  a  sene^  of  16  brass  disks, 
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eot  at  their  edg^s  into  siaosoidal  wave  forms.  These  repreaeut  a  liar- 
moaic  Beries  of  16  members  of  decreasing  amplitude,  there  tM>tng  jast 
U  times  aa  muDy  smalt  sinaositiea  on  the  edge  of  the  largest  disk  as 
tiiere  are  of  large  sinuosities  ou  that  of  the  smallest  disk.  A  photo- 
graph of  the  apparatus  is  now  thrown  apon  the  screen.  It  is  described 
TdI];  by  Dr.  Ecenig  in  his  volnme  od  "  Qaelques  Exp^rieaces,"  auU  was 
figared  and  described  in  Nature,  July  20,  18S2,  vol.  XXTI,  p.  277. 
Against  the  edge  of  each  of  the  16  wave  diuks  wind  can  be  separately 
blown  through  a  sliU  This  instrument  therefore  furnishes  a  fuuda- 
DienEal  soand  with  its  first  fifteen  pure  barmoDics.  It  is  clear  that  any 
desired  combination  can  be  obtained  by  opening  the  appropriate  stops 
uii  the  wind-chest;  and  there  are  iugeuious  arrangements  to  vary  the 
phases  of  any  of  the  separate  tones  by  shifting  the  positions  of  thealits. 
Thefollowiug  are  the  chief  resultsobtained  with  this  instrument.  If  we 
Gist  take  simply  tbe  fundamental  tone  and  its  octave  together,  tbe  total 
muliHut  sound  bas  the  greatest  intensity  wheD  the  difference  of  phase 
i=i  (t.  e.,  when  the  maximum  displacement  of  air  occurs  at  the  same 
tostaDt  for  both  waves);  and  at  thesame  time  the  whole  character  of  tbe 
wuad  becomes  somewhat  graver,  as  if  the  fuudauiental  tone  predomi- 
nated more  than  in  other  phases.  The  intensity  is  Least  wben  6=^,  If, 
hovever,  attention  is  concentrated  ou  tbe  octave  note  wbile  the  phase  is 
dianged,  its  intensity  seems  about  the  same  for  d=j^  as  for  <$=|,  bnt 
■eater  in  all  other  positions.  The  compound  tones  formed  only  of  odd 
neoibers  of  tbe  series  have  always  more  power  and  brilliancy  of  tone 
lor  phase  differences  of  ^  and  %,  than  for  0  and  ^;  but  tbe  quality  for  i 
18 always  thesame  as  for  £,  and  tbe  qaalityfor  0  is  always  the  same  as 
for  J.  This  corresponds  to  tbe  pecnliarity  of  the  corresponding  wave 
furm,  of  which  the  fourth  line  of  curves  in  Fig.  6  is  au  example.  For 
nmpound  tones  corresponding  to  the  whole  series,  odd  and  even,  there 
iaiu  every  case  minimum  itttonsity,  brilliancy,  and  stridencenitb  (5=|, 
aod  maximum  with  S={.  Inspection  of  tbe  first  and  third  lines  of 
I'lUTes  in  Fig.  6  shows  that  iu  these  wave  forms  that  phase  whicfa  is 
the  most  forcible  is  that  in  which  the  maximum  displacement  and  re- 
uiltiDg  condensation  is  snddi^u  and  brief. 

Observing  that  wave-forms  in  which  tbe  waves  are  asymmetrical — 
sleeper  on  one  side  than  on  the  other — are  produced  as  tbe  resultant  of 
iwbole  series  of  compounded  partial  tones,  it  occurred  to  Dr.  Ktenig 
u>  produce  from  a  perfect  and  symmetrical  siansoidal  wave  curve  a  com- 
plex sonnd  by  the  very  simple  device  of  turning  into  an  oblique  position 
^e  slit  through  which  tbe  wind  was  blown  against  it.  In  Fig.  S  is 
Irawnasimple symmetrical  wave  form,  eglnprtv.  If  a  series  of  such 
'ave  forms  is  passed  iu  front  of  a  vertical  slit,  such  as  ab,  a  ^terfectly 
UDiple  tone,  devoid  of  upper  partials,  is  beard.  But  by  inclining  the 
liit,  as  at  al/,  the  same  effect  is  produced  as  if  tbe  wave  form  had  been 
Changed  to  tbe  oblique  outline  e'g'l'n'p'r't'c'-,  the  slit  all  the  wbile  re- 
oaining  upright.    But  this  oblique  form  is  precisely  like  that  obtained 
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aa  resultant  of  a  (teoreaeing  Beries  of  partial  toues  (Fig.  6,  a).  If  the 
slit  be  iocliaed  in  the  same  direction  oa  tbe  forward  moTement  of  the 
waves,  tlie  qaality  prodaced  is  tlie  same  as  if  all  the  partial  tones  coin- 
oided  at  their  origin,  or  with  6  =  9;  while  if  iDclioed  in  the  opposite 


direction  the  quality  is  that  corresponding  to  6  ^  i.  It  is  easy  to  ei- 
amine  whether  the  chunf^o  of  phase  produces  any  effect  on  the  soand. 
Before  yon  is  rotatiug  a  simple  wave  dink,  and  air  is  being  blown  across 
its  edge  through  a  slit.  Dr.  Kotnig  will  now  tilt  the  slit  altematety 
backward  and  forward.  On  tilting  the  slit  forward  to  give  J  ^  0,  yon 
bearapnrer  and  more  perfect  sonndj  and  on  tilting  it  back,  giviDg 
($  =  ^,  a  sound  that  is  more  nasal  and  forcible. 

All  the  preceding  ez[>eriment8  agree  then  in  showing  that  differenoes 
of  phase  do  prodnce  a  distinct  effect  upon  theqnality  of  compound  tones; 
whattbeo  must  we  say  as  to  the  effect  on  the  timbre  of  the  presence  of 
upper  partial  tones  or  sounds  of  subdivision  that  do  not  agree  witli  any 
of  the  tmebartDonicst  A  uiis-tuned  harmonic — if  theWrm  is  permissi- 
ble— may  be  looked  upon  as  a  harmonic  which  is  undergoing  oontinuaJ 
change  of  phase.  The  mistaned  octave  which  yielded  the  graphic  carve 
in  Fig.  5,  is  a  ease  in  point.  The  wavelets  are  continually  changing 
their  form.  It  is  certain  that  in  a  very  large  number  of  musical  sounds, 
instrnmeotal  and  vocal,  such  is  the  case. 

It  was  whilst  experimenting  with  his  large  compound  wave  siren  that 
Dr.  Ecenig  was  struck  by  tbe  circumstance  that  under  uo  conditions, 
and  by  no  combination  of  pure  harmonics  in  any  proportion  of  intensity 
or  phase,  could  he  reproduce  any  really  strident  timbres  of  Boaod,  like 
those  of  harmonium  reeds,  trumpets,  and  the  like ;  nor  could  be  prodnce 
satisfactory  vowel  qualities  of  tone.  Still  less  can  these  be  produced 
satisfactorily  by  von  Helmholtz's  apparatus  with  electro-magnetic  I 
tuning  forks,  in  which  there  is  no  control  over  the  phases  of  the  oom> 
pouents.  Tbe  questiou  was  therefore  ripe  for  investigation  wbetber 
for  the  production  of  that  which  the  ear  can  recognize  as  a  ttwtbr^  a 
definite  unitary  qnality  of  tone,  it  was  necessary  to  suppose  that  aU 
the  socoessive  wavelets  should  be  of  similar  form.    Or,  If  the  forms  of 


THE  PHTSICAL   BASIS   OF  MUSICAL  HABHONT.  357 

the  snocessJTe  wavelets  are  contiuaally  olianging,  in  it  possible  for  the 
ear  Mill  to  grasp  the  result  as  a  unitary  sensation  f 

If  the  ear  coald  always  separate  impure  harmonic  or  absolutely  in- 
barmoDic  partials  from  tbeir  fnndamenttil  tone,  or  if  it  always  heard 
imre  harmonics  as  an  iudistiugnishable  part  of  the  uuity  of  the  timbre 
of  a  fundamental,  then  we  might  draw  a  hard  and  fast  line  between 
mere  mixtures  of  sound  and  timbres,  even  as  the  chemist  distingnishes 
hetireen  mere  mixtures  and  true  chemical  compounds.  But  this  is  Dot 
bo;  Bometimes  the  ear  can  not  unravel  from  the  integral  sensation  the 
iaharmonious  partial ;  on  the  other  hand,  it  can  often  distiugalsh  the 
presence  of  truly  harmonious  ones.  Naturally,  something  will  depend 
as  the  training  of  the  ear ;  as  is  the  ease  with  the  conductor  of  an  or- 
chestra, who  will  pick  out  single  tones  from  a  mixture  of  sounds  which 
to  1688  perfectly  trained  ears  may  blend  into  a  nnitary  sensation. 

Dr.  Eceiiig  accordingly  determined  to  make  at  least  an  attempt  to 
determitie  synthetically  hov  far  the  ear  eau  so  act,  by  building  up  spe- 
cific combinations  of  perturbed  harmonics  or  inharmonic  partials,  giv- 
ing rise  to  waves  that  are  multiform,  as  distingainhed  from  thenniform 
vaves  of  a  true  periodic  motion.  The  wave  siren  presented  a  means  of 
nn^ing  this  attempt  to  aresnlb  On  the  table  before  me  Ilea  number 
ofvavedisks  constructed  with  this  aim.  This  will  he  saocessively 
placed  npon  the  whirling  tabic,  and  sounded;  but  I  mnst  warn  you 
that  tbe  proper  effects  wilt  only  be  perceived  by  those  who  are  near  the 
apparatus,  and  in  front  of  it. 

Dpon  the  edge  of  the  first  of  the  sei-iea  there  has  been  out  a  curve 
gmphicalty  compounded  of  24  waves  as  a  fnndamentat,  together  with 
»»etof  four  perturbed  harmonics  of  eqnat  intensity.  The  first  har- 
ooittu  consists  of  49  waves  {2x2i  + 1),  the  second  of  75  waves 
(3x24+3),  the  third  of  101  (4x24-f-5),  the  fourth  of  127  (5x24+7). 
The  resulting  curve  possesses  24  waves,  no  two  of  them  alike  in  form, 
udsome  highly  irregular  in  contour.  The  effect  of  blowing  air  through 
■dit  against  this  disk  is  to  produce  a  disagreeable  souud,  quite  lacking 
iotiQitary  character,  and  indeed  suggesting  Intermittence. 

The  second  wave  disk  is  constructed  with  the  same  perturbed  har- 
■oDics,  hut  with  their  amplitudes  diminishing  in  order.  This  disk  pro- 
daces  similar  effects,  but  with  more  approach  to  a  unitary  character. 

lathe  third  disk  therearealso24fundamentaI  waves,  but  there  are  no 
Wmonics  of  the  lower  terms,  the  superposed  ripples  being  perturlMd 
kHnoaios  of  the  fifth,  sixth,  and  seventh  orders.  Their  numbers 
«e  6x24+6,  7x24+7,  and  8x24+8,  being,  in  fact,  three  harmonics 
1  i  fandameDtal  25.  This  disk  gives  a  distinctly  dual  sort  of  sound, 
for  tbe  ear  hears  tbe  fundamental  quite  separate  from  the  higher  tones, 
■hieb  seem  in  themselves  to  blend  to  a  unitary  effect.  There  is  also 
u  iaTermitt«iice  corresponding  to  each  revolution  of  tbe  disk,  like  a 
beat 
Tbe  fourth  disk  resembles  the  preceding;  but  the  gap  between  the 
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fandamental  and  tbe  three  perturbed  barmoDJca  has  been  filled  b;  the 
additiOD  of  three  true  harmonics.  This  disk  is  the  first  in  this  reueareh 
which  gives  a  real  timbre,  though  it  is  a  pecoliar  one.  It  preserves, 
however,  a  unitary  cbaraoter,  even  when  the  silt  is  tilted  in  either 
direction.  The  24  waves  in  tbia  disk  all  rake  forward  like  the  teetii  of 
a  circular  saw,  but  with  luiiltiform  ripples  upon  them.  The  quality  of 
tone  becomes  more  crisp  when  the  slit  is  tilted  so  as  to  slope  across  the 
teetb,  and  more  smooth  when  in  the  reverse  direction. 

The  fifth  di»k,  which  is  larger,  has  40  waves  at  its  edge.  These  are 
cut  with  curves  of  all  sorts,  taken  haphazard  from  various  oombinations 
of  pare  barmonics  in  atlsortsof  proportions  and  varieties,  no  two  being 
alike,  there  maxima  and  minima  of  tbe  separate  waves  being  neither 
isochronous  nor  of  equal  amplitude.  This  disk  gives  an  entirely  unmn- 
sical  effect,  amid  which  a  fundamental  tone  is  beard,  accompanied  by  a 
sort  of  rattling  sound  made  np  of  intermittent  and  barely  reoognieabte 
tones. 

The  sixth  disk  is  derived  ftom  the  preceding  by  selecting  eight  only 
of  the  waves,  aud  repeating  them  five  times  around  the  periphery.  In 
this  case  each  set  of  eight  acts  as  a  single  long  curve,  giving  beats, 
with  a  slow  rotation  and  a  low  tone  (accompanied  always  by  the  rattling 
mixture  of  higher  tooes)  when  Che  speed  is  increased. 

Tbe  seventh  disk  was  constructed  by  taking  24  waves  of  perfect  nn- 
usoidal  form,  aud  superposing  upon  tbem  a  series  of  small  ripples  of 
miscellaneous  shapes  and  irregular  sizes,  but  without  essentially  depart- 
ing from  the  main  outline.  This  disk  gives  a  timbre  in  which  nothing 
can  be  separated  ^m  the  fundamental  tone,  either  with  vertical  or 
tilted  slit. 

The  eighth  and  laut  disk  consists  of  another  set  of  24  perfect  waves, 
from  the  sides  of  which  irregular  ripples  have  been  carved  away  by 
baud,  with  tbe  file,  leaving  however  tbe  summits  and  the  deepest 
parts  of  the  bollows  ontoached,  so  that  the  maxima  and  minima  ai« 
isochronous  aud  of  equal  amplitude.  This  disk  gives  also  a  definite 
timbre  of  iba  own,  a  little  raucous  in  qoality,  bat  still  distinctly  having 
a  musical  unity  about  it. 

We  have  every  reason  therefore  to  conclude  that  tbe  ear  will  recog- 
nize aa  possessing  true  musical  qoality,  na  a  timbre,  combinations  ia 
which  the  constituents  of  the  sound  vary  in  their  relative  intensity  and 
phase  from  wave  to  wave. 

What,  then,  is  a  timbref  Dr,  Eoenig  wonid  be  the  first  to  reoognixfl 
that  these  last  experiments,  though  of  deepest  interest,  do  not  afford  s 
final  answer  to  the  question.  We  may  not  yet  be  in  a  position  to  frame 
a  new  definition  as  to  what  constitutes  a  timbre,  but  we  may  at  least 
conclude  that,  whenever  that  definition  can  be  framed,  it  will  at  least 
include  several  varieties,  including  tlie  non-periodic  kinds  with  mnlti' 
form  waves,  as  well  as  those  that  are  truly  periodic  with  nniform  wave& 
We  must  not  on  that  account  however,  rush  to  the  conolnaioa  that  tbe 
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tfaeor;  of  tod  Helmboltz  as  to  the  natnre  of  timbre  haa  been  over. 
IbrovD.  The  correctioDS  introduced  into  luaar  theory  by  HaneeQ  aod 
Nevcombe  have  not  overtarued  the  splendid  geueralizutious  of  New- 
loo.  What  we  can  and  must  confess  is  that  we  now  know  that  the 
acoiutic  theory  of  vou  Helmholtz  is,  like  the  lauar  theory  of  Newton, 
correct  only  as  a  fli-st  approximation.  It  has  beenthediatinctive  merit 
of  Dr.  Kcenig  to  indicate  to  us  the  magnitude  of  the  correcting  terms, 
tod  to  supply  nu  not  only  with  a  rich  store  of  esperimental  facta  but 
vttb  the  means  of  prosecnting  the  research  synthetically,  beyond  the 
poJDt  to  which  he  himself  has  attained. 

Id  thanking  Br.  K(Buig  for  the  coartesy  which  he  has  shown  to  this 
society  in  bringing  over  his  apparatus  and  in  demonstrating  its  nse  to 
OS,  ve  most  join  in  congratnlatinghim  on  the  patience,  perspicacity, 
and  alcill  with  which  he  hay  carried  out  his  researches.  Woknow  that 
big  exceptional  abdities  as  experimentalist  and  constructor  have  done 
more  than  those  of  any  other  investigator  to  make  the  science  of  experi- 
meDtal  aconatica  what  it  is  to-day ;  and  we  must  unite  in  wishing  him 
long  life  and  prosperity  to  complete  the  great  work  on  which  i>lrendy 
he  has  advanced  so  far. 
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By  ViCTOE  Mbybb. 
Tranalated  by  L.  H.  FniBDBORa.t 


When,  a  sLort  time  ago,  I  was  called  upoa  to  Hpeak  before  ;oa,  1 
gladly  and  Kealoasly  ai>proacbed  the  work  which  sucb  au  occasion 
wemed  to  call  forth.  It  aeemed  to  me  that  it  would  be  an  effort  worthy 
oftbis  assemblage  of  scientific  men  to  recall  the  permanent  addi- 
tioDg  that  chemistry  has  made  in  oar  day  to  the  treasure  of  homan 
knowledge  and  to  enumerate  the  problems  which  seem  to  lie  nearest  us 
in  the  fatare. 

A  8cien<»  which,  as  sacb,  is  hardly  older  than  the  great  Earopean 
revolntion,  the  centennial  of  which  we  witnessed  a  few  mouths  ago, 
and  which  in  this  short  time  has  caused  chaogea  in  onr  spiritual  and 
material  life  hardly  less  than  those  of  the  political  revolution,  such  a 
itcience,  I  have  thought,  may  without  temerity  boast  of  its  achieve 
ments. 

And  yet  the  chemist  approaches  such  a  task  with  a  certain  hesita- 
tion from  which  the  astronomer,  the  physicist,  and  the  mathematician 
are  free.  Has  it  not  been  in  our  own  day  that  the  most  prominent  ora- 
tor amongst  German  naturalists,  one  who  astonislies  us  by  the  compre- 
beneiveness  of  bia  knowledge,  has  adopted  as  his  own  Kant's  Judgment 
on  chemistry,  namely,  that  "  chemistry  is  a  science,  but  not  a  science 
in  the  highest  sense  of  the  word ;  that  is,  a  knowledge  of  nature  reduced 
to  mathematical  mechanics."  And  this  dictum  is  accepted,  not  as  a 
blemish  upon  oar  science,  but  with  the  fullest  and  most  perfect  recog- 
nition of  the  immense  achievements  which  modern  chemistry  has  regis- 
tered as  its  own. 

But  all  of  the  marvelloos  successes  of  the  atomic  theory  and  of  the 
doctrine  of  structure,  the  synthesis  of  tbe  most  complicated  organic 
eompoonds,  the  blessings  of  ao  enlarged  pharmacopteia,  the  potent 
rsTotatioii  in  technological  processes,  the  new  and  systematic  metboda 

'  Au  addres*  delivered  al  Heidelb«ri;  at  the  Ant  general  •eauioii  of  tUe  siity-itec. 
and  meeliog  of  tbe  AaBOciatioa  of  Germaa  Natnralisto  UDd  PliyBiciana,  September 

I  Prom  tbe  DtutteXe  Bundickait,  tloy«mbet,  1S39.  (Re-prioted  from  tbe  Journal 
*f  Ik*  American  Cfcanicnl  Sooietn,  September,  1889,  vol,  xi,  pp.  10I-X20,) 
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of  prodactioD  which  hare  been  characterized  by  an  eminent  technolfr- 
gJBt  as  "the  gainiiigof  gold  from  rabbieh "— all  tbia  seems  trifling  to 
the  mind  tbat  looks  down  ftoui  its  staodpointof  mathematical  mechan- 
ics when  compared  with  the  work  of  a  promised  NewtOD  of  chemistry, 
who  some  day  will  represent  chemical  reactions  in  the  thooght  and  in 
the  langnage  of  mathematical  physics. 

And  if  he  who  looks  from  a  height  is  jnstiHed  in  the  expression  that 
to-day  chemistry,  in  the  recogoitioo  of  altimate  canses,  stands  yet 
below  astrotioiDy  of  the  time  of  Kepler  and  Co))erDicus,  mast  not  the 
chemist  lose  courage  if  he  attempts,  before  an  illuatriona  assemblage, 
to  raise  a  song  of  priiise  to  his  science,  to  glorify  what  she  has  dotie 
and  what  io  the  fature  she  seems  chosen  to  dot  If  in  spite  of  this 
the  attempt  be  made,  it  must  be  with  that  resigoatiou  which  rests  upon 
the  belief  that  "  we  should  consider  everything,  bat  aim  only  at  that 
which  is  iKissihle." 

Though  we  share,  with  full  conviction,  the  expectations  of  a  New- 
tonian period  in  chemiistry,  we  hardly  venture  to  hope  that  that  period 
is  near,  and  even  the  most  enlightened  representatives  of  the  newer 
physical  chemistry  seem  bat  precursors  of  that  distant  era. 

Perhaps  the  chemist,  immersed  in  the  daily  work  of  his  science,  fails 
to  take  the  comprehensive  view  of  one  who  from  a  distaut  height  looka 
down  u|)OD  the  same.  But  those  who  are  sorrounded  by  the  whirl  of 
hourly  renewed  work  recognize  all  the  more  clearly  the  inimense 
amount  that  remains  still  to  be  achieved  before  those  distant  aims  can 
be  realized.  This  epoch,  so  rich  in  path-finders  in  the  department  (rf 
physics,  has  rarely  directed  the  highest  order  of  research  into  the  ter- 
ritory of  our  science,  and  especially  have  the  more  complicated  chem- 
ical phenomena  been  avoided. 

If  in  a  period  that;  has  witnessed  the  discoveries  of  Helmholtz,  Bobert 
Mayer,  Joule,  Clauaius,  and  vau't  Hoff,  the  revolutionizing  progress  of 
knowledge  has  been  limited  to  physics,  and  if  only  modest  applications 
of  what  was  gained  have  been  made  in  related  studies,  then  the  epoch 
seems  not  yet  to  be  at  hand  in  which  chemical  processes  can  be  tbought 
of  as  we  think  of  the  movements  which  we  feel  as  sound,  light,  or  heaL 

A  humiliating  statement!  Bnt,  strange  to  say,  the  chemist  of  to-day 
has  hardly  time  to  complain  of  this  resignation  imposed  upon  him,  and 
this  for  reasons  easily  understood. 

If  without  question  it  is  the  aim  of  all  natural  science  to  under 
stand  phenomena  so  fully  that  they  may  be  described  in  a  mathematical  . 
form,  and,  as  far  as  they  are  unknown,  may  be  predicted,  a  science 
which  is  so  far  distant  from  this  aim  as  to  look  merely  for  the  paUt  that 
shall  some  day  lead  to  it,  must  be  considered  as  in  its  infancy.  In 
the  present  stage  oar  way  of  thinking  and  acting  has  this  peculiarity. 
In  every  science  imagination  must  stand  as  another  power  alongside  at 
knowledge  and  reasoning.  But  the  influence  of  imagination  upon  knowl- 
edge is  all  the  greater  the  further  this  latter  is  distant  from  the  meo- 


THE  CHEMICAL   PROBLEMS  OF  TO-DAY.  363 

tioDed  ideal.  Aud  thus  it  happetin  that  id  the  chetniatry  of  to^ay  im- 
agiaatioa  and  iutuition  have  a  larger  scope  than  in  otber  sciences,  aud 
tbat  occupation  witb  the  same,  besides  the  pare  scieattflc  satiaEaction 
that  it  yields,  briugs  au  enjoymeut  wbicb,  in  a  certain  sense,  reminds 
oneof  the  activity  or  an  artist.  He  however  who  only  knows  cbemiatry 
aa  a  tradition  of  perfectly  clear  facts,  or  who  thinks  to  see  tbe  real  soal 
of  chemical  study  in  measariog  the  pAystcal  phenomena  which  accom- 
lany  chemical  transformations,  feels  no  breath  of  this  enjoyment. 

The  feeling  is  only  disclosed  to  him  who  ventures  into  that  ocean  of 
tbennknoivn  that  is  spread  out  before  us  in  the  organic  chemistrjf  of  the 
day;  to  him  wbo  is  not  appalled  by  a  wilderness,  populated  with 
thousands  of  indivnals,  of  which  every  one  shows  a  peculiar,  fully 
noknown  originality,  and  to  him  who  attempts  to  become  better 
acquainted  with  some  of  them,  even  if  he  is  at  a  loss  for  a  means  of 
approaching  them.  To  proceed  with  snccess  in  this  direction  is  only 
granted  to  the  genius;  the  method  that  leads  onward  can  not  be 
learned,  and  it  han  only  been  practiced  with  success  by  a  small  number 
of  chosen  ones. 

Itideed,  in  the  experimental  study  of  organic  chemistry,  the  *'  pre- 
sentiment" of  happenings,  tbe  actuality  of  which  is  not  indicated  by 
any  taw  to  be  expressed  in  words,  has  shown  surprising  results ;  here 
the  thought  is  aided  by  a  something,  which  we  may  meauwhile  term 
"chemical  feeling,"  a  name  which  will  disappear  as  soon  as  the  pro- 
gressive approach  of  chemistry  to  the  mathematical  physical  basis 
ahall  have  disclosed  its  meaning  and  shall  have  tabulated  it  amongst 
the  methods  which  lead  to  the  recognition  of  the  new.  The  eftiect  of 
tbiH  |>eculiar  chemical  method  of  study  is  not  here  to  be  dwelt  upon  in 
detail.  Let  it  snfflce  to  say  that  without  it,  the  most  brilliant  discov- 
eries in  organic  chemistry  would  not  have  been  made;  just  as  little 
u  a  Kekul^  would  without  it,  have  been  able — in  contradiction  of 
nnineroDS  data  in  chemical  literature  never  before  doubted — to  affirm 
the  non-existence  of  isomeric  monochlorbenzol  and  of  sncb  bodies  as 
were  said  to  consist  of  a  benzol  ring  and  bat  one  bi-valent  atom.  Those 
BigniBcant  hypotheses  by  means  of  which  the  knowledge  of  aromatic 
■Dbstances  has  been  revealed  to  us,  could  not  have  been  made  solely 
Qpon  the  ground  of  exact  observation ;  they  required  at  the  same  time 
a  pronounced  chemical  instinct.  Therewasnological  reason  in  declaring 
the  existence  of  a  phenylene  oxide  as  au  impossibility,  since  the  ethylene 
oiide  did  exist;  he  who  nevertheless  ventured  to  do  so, and  at  the 
same  time  ran  directly  in  tbe  face  of  experience,  was  surely  led  by  a 
feeling  which  the  present  status  of  chemistry  forbids  us  to  replace  by 
a  [krocesH  of  thought 

But  to  return  from  the  field  of  organic  to  that  of  general  chemistry. 
Before  we  can  arrive  at  a  matbematico-physical  treatment  of  chemical 
phenomena  in  general,  two  fundamental  problems  most  be  solved ;  an 
hypothesis  which  allows  a  control  by  experiment  (even  within  tbe  same 
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limits  which  to  this  day  are  imposed  upon  physics  in  regard  to  the  Uw 
of  gravitation),  mast  answer  these  qaestiooe :  What  it  Ckcmus«U  Ajfim^ 
and  Wkatis  Val^ncgt 

By  means  of  laborious  detail  work,  chemistry  tries  to  approach  the 
solatioQ  of  these  eaigmas;  bat  he  who  parsnes  chemical  methods,  who 
stands  in  the  midst  of  chemical  work — which  aims  only,  as  at  a  &r 
distant  task,  at  the  discovery  of  a  snre  path — still  sees  sach  obstacles 
to  be  cleared  away  that  he  gives  up  the  hope  of  living  to  see  the  new 
chemical  era.  He  finds  satis&ction  in  the  consciousness  of  having  ex- 
erted bis  best  abilities  in  Che  elucidation  of  some  minor  and  precnisoTy 
principles. 

If  now  we  begin  to  consider — within  the  appointed  limits — the  most 
important  achievements  of  chemistry,  we  can  not,  at  this  place  and  at 
this  hour  of  our  meeting,  be  in  donbt  as  to  what  is  to  be  mentioned  in 
the  first  place.    The  hospitable  city  which  shelters  us  boasts  of  an  sd- 
vantage  which  is  envied  her  by  every  other  alma  mater ;  here,  chemis- 
try- for  more  than  a  bamaa  lifetime  has  been  represented  by  Bobert 
Bnnsen,  of  glorious  name,  and  the  very  days  which  find  as  here  as- 
sembled, follow  immediately  the  moment  in  which  this  hero  of  scienm 
has  retired  from  his  aciidemioal  occupation.    Who  does  not  think,  at 
sucb  an  hour,  of  the  great  teacher  around  whom  ardent  pnpils  from  all 
parts  of  the  globe  were  accustomed  to  congregate  1    Bat  who,  b«ng 
called  upon  to-day  to  sgieak  of  the  results  of  chemistry  within  the 
walls  of  Heidelberg,  would  not  before  all  direct  an  eye  npon  that  one 
discovery  which  has  lifted  chemistry  beyond  terrestrial  researcb,  which 
has  enabled  her,  like  astronomy,  to  search  the  aniverse  and  to  dissMt 
the  starry  heavens,  chemically,  by  the  subtle  appliances  of  analysis  1 
If  "old  Heidelberg"  has  become  a  pearl  amongst  German  cities  by  its 
history,  by  its  nnmeroas  traditions,  by  the  incomparable  beauty-  of  its   .i 
situalion, — if  its  university  is  the  ideal  of  the  German  academical  youth,   . 
we  may  well  regard  as  an  immortal  leaf  in  its  wreath  of  honor,  along   ' 
with  these  glorious  titles,  the  anion  of  those  two  great  men  who  first 
met  in  this  city  in  tbe  moat  courageous  enterprise  of  the  penetrating    ■ 
mind;  wlio  have  pursued  with  astonishing  success  the  investigation   ': 
which  has  made  spectral  analysis  tbe  most  potent  of  scientific  weapons,  ! 
and  has  rendered  their  names  a  charm  calling  forth  the  admiration  of  / 
the  older  minds  and  kindling  in  tbe  minds  of  mere  school  boys  tbe  flune  ) 
of  euthasiasm  in  the  study  and  exploration  of  nature.    Tbe  immeas-  ( 
unvble  results  of  that  discovery — the  consequences  of  which  extend   ; 
every  day  over  new  territories — are  known  in  the  widest  circles,  and  to 
mention  them  to-day  in  detail  would  be  but  carrying  owls  to  Aib*«a.  ' 
It  behooves  us  in  this  place  to  mention  reverently  tbe  names  of  Banau  \ 
and  Kircfahoff,  to  tbiok  of  them  with  gratitude,  and  to  hope  that  men,   i 
their  equals,  may  not  be  entirely  wanting  in  the  nest  generationi    Tlie  I 
younger  one  of  them — whose  scietititic  fertility  was  ouly  equalled  hf  j 
his  greatness  of  soul  and   the  charming  modesty  of  bis  heart — has    1 
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been  taken  away  from  as  before  old  age  had  oatDrally  limited  him. 
Boosen  we  still  rejoice  to  call  ours,  who  now,  allowing  the  tools  of  his 
>Ofk  to  drop  from  his  hand,  looks  forth  to  the  evening  of  his  life  in 
qniet,  happy  leisure.  Hay  be  be  permitted  for  a  long  time  to  look  back 
apoa  a  life  filled  witli  greatest  scieDtiflc  aobieveroeuts ;  may  bis  calm, 
frjeadty  eye  rest  for  many  years  apon  the  incomparable  picture  of  his 
beloved  Heidelberg. 

We  have  meutiooed  spectral  analysis,  tbongfa  it  has  been  almost  for 
an  a^  the  common  property  of  science.  Let  ns  also  cast  a  grateful 
n-Uoepect  upon  a  deeply  furrowing  revolution — of  which  chemistry 
abo,  for  several  decades,  has  boasted  as  a  snbstantial  possession — apon 
the  development  of  the  doctrine  of  str nature,  that  solid  theoretical  foan- 
datioQ  from  which  the  proud  edifice  of  modern  organic  chemistry  rises. 
A  ^aeration  has  grown  up  around  us  which  bas  received  as  a  matter 
of  fact  this  doctrine  which  still  seems  new  to  us  older  ones.  But  those 
far-seeing  men,  whose  eyes  recognized  the  immensely  simple  in  the  seem- 
idrIj  impenetrable  complication  of  the  carbon  compounds,  are  still  ac- 
tively alive  amongst  us,  and  it  is  their  happy  lot  to  reap  in  their  own 
activity  what  once  they  sowed  in  juvenile  work.  Here  theeyeisdi- 
rected  upon  the  master  of  chemical  research — August  Wilhelm  von 
UoTmann ;  before  all  upon  hia  researches  upon  the  organic  nitrogenoas 
■usw,— researches  which  do  not  Und  their  equal  in  organic  chemistry 
uid  which,  even  more  perfectly  than  Dumas'  fuDdamental  discovery  of 
trichoracetic  acid,  allowed  the  fundamental  conception  of  substitution 
loeipatid  into  the  living  consciousness  of  chemists,  at  first,  curiouBly, 
by  sapporting  the  theory  of  typos  in  organic  compounds  and  then  by 
promoting  the  transition  to  the  structural  or  coustitutional  view,  which 
at  present  embraces,  with  unparalleled  perfection,  the  whole  territory  of 
n^nic  componnds. 

Bat  the  suggestioa  of  this  doctrine,  which  finds  its  crowning  success 
in  the  recognition  of  the  inner  aggregation  of  the  atoms,  is  associated 
for  all  time  with  the  name  of  a  man  who,  although  a  master  of  rare  art 
in  experimeuting,  kuew  bow  to  surpass  what  he  had  achieved  at  the 
Uboratory  table,  by  the  convincing  power  of  his  speculative  work.  We 
C3U1  not  here  dispute  the  part  which  other  eminent  chemists  have  taken 
in  the  development  of  the  doctrine  of  structure — there  are,  Butlerow, 
Cooper,  Erlenmeyer,  Fraukland,  Eolbe,  Odling,  Williamson — bnt  the 
^orioas  guide  in  this  great  and  victorious  movemeut  forward,  he,  to 
whose  eyes  was  disclosed  not  only  the  tetra-valence  of  carbou,  but  also 
the  solution  of  the  problem  of  the  constitution  ot  organic  compounds, 
in  the  recognition  of  the  property  of  carbon  atoms  to  be  linked  to  each 
<•'*«■  by  their  valencies;  he  is  the  philosopher  of  organic  chemistry — 
Angnst  Kekal^.  The  name  of  this  discoverer,  who  also  started  upon 
bis  high  and  soaring  flight  fiviui  Heidelberg,  is  justly  mentioned  alone 
«ksn  we  want  to  recall  in  a  word  the  patting  forth  and  the  development 
sf  the  leading  chemicaL  theories. 

Dg.l.zedl!,GOOglc 
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The  researches  id  this  direction  are  so  Qomeroaa  and  ao  toilBome,  and 
yet  the  resalt  Ja  so  sarprisiDgly  simple  I  The  carbou  atom  ia  endowed 
with  fonr,  the  oxygen  atom  with  two,  the  hydrogen  atom  with  one  point 
of  attack  for  the  chemical  affinity.  The  cause  of  the  aggr**  gation  of  the 
atoms  within  the  molecule  lies  in  the  mutual  saturation  of  these  units 
of  affinity  or  valencies.  It  is  the  number  of  valencies  which  decidee 
the  possibility  of  the  existence  of  a  compound.  Amongst  the  legion  of 
imaginable  combinations  of  these  three  elements  only  those  are  capable 
of  existence  in  which  every  valency  is  satarateil  by  that  of  anotber 
atom.  Through  this  knowledge  a  new  method  of  iuqniry  was  opened, 
in  particular  lor  organic  chemistry,  the  immense  territory  of  which  to 
many  years  seemed  totally  to  absorb  the  working  power  of  cbemiatA. 
Bnt  then  dawned  the  first  signs  of  a  further  development  Hardly  a 
decade  had  elapsed  since  the  general  admission  of  the  doctrine  of  va- 
lency when  a  fundamental  deepening  of  the  same  was  announced,  which 
our  science  owes  to  two  savants,  workingindependently  of  each  other— 
to  Le  Be)  and  vau't  Hoff.  These  chemists,  considiring  those  snbstancee 
which  turn  the  plane  of  polarization  of  light,  arrived  at  views  which 
soon  led  to  a  result  until  then  thought  to  be  out  of  reach,  a  conoeptKHi 
of  the  aggregation  of  the  atoms  within  the  molecules  in  space.  Thus 
a  field  of  study  was  created  which  van't  Hoff  called  "la  ckimie  dtuu 
Peapace"  and  which  we  now  call  Stereochemiatry, 

It  was  recognized  that  the  carbon  atom  stretched  out  its  fonr  valeo- 
cies  in  definite  directions,  and  this  in  a  symmetrical  manner.  The 
combination  of  a  carbon  atom  with  four  other  atoms,  for  example, 
methane,  0H|,  is  representable  by  the  picture  of  a  tetrahedrou  in  the 
stereometric  center  of  which  the  carbon  atom  is  situated,  while  the 
hydrogen  atoms  occupy  its  four  corners. 

Numerous  cases  of  isomerism,  until  then  not  understood,  could  be 
explained  in  this  manner  and  were  regarded  as  stereo-chemicsil  ones. 
The  cause  of  o|>tical  activity  was  found  to  consist  in  the  presence  of  an 
a-symmetric  carbou  atom,  that  is,  one  which  is  combined  with  foor  dif- 
ferent groups. 

Also  the  stereometric  forms  of  a  few  simple  molecules  were  consid- 
ered; it  was  recognized,  e.  g.,  that  a  compound  of  three  carbon  atoms 
linked  together  by  one  bond  respectively  could  not  contain  those  aioau 
in  a  straight  line,  but  that  they  must  lie  in  the  angles  of  a  triangle  the 
sides  of  which  form  an  angle  equal  to  that  in  which  the  directions  of 
valency  of  the  carbou  atom  intersect  each  other. 

By  the  applications  of  these  considerations  to  more  complicated 
molecules,  which  contain  a  chain  of  atoms  closed  within  itself,  Adolph 
von  Baeyer  has  enlarged  our  theory  in  a  manner  full  of  conseqaenea. 

Kekul^  in  times  past  had  recognized  that  carbon  shows  a  particnlsr 
disposition  to  form  closed  chains  of  six  atoms.  The  discoveries  of  Bae- 
yer and  his  followers,  as  well  as  Fittig's  work  on  lactones,  taoght  that 
such  closed  chains  or  rings  formed  Qf  fewer  atoWQ  also  exist.    Bu 
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while  rings  of  six  or  five  atoms  easily  form,  it  is  more  difficult  to  com- 
bine fever  atoms,  foar  or  three,  to  a  closed  ohaio.  The  cause  of  this 
fact  Baeyer  recognized  as  lying  Id  the  stereometric  conditions.  The 
iDgleg  wtiich  the  sides  of  a  regular  hexagoo  and  pentagon  form  with 
fofh  other  very  nearly  coincide  with  those  in  which  the  directions  of 
tlie  Titlencies  of  the  carbon  atom  intersect  each  other,  aod  thna  in 
liDkiog  Sve  or  six  atoms  together  the  circle,  so  to  speak,  closes  itself, 
vbile  if  more  or  less  atoms  are  present  this  can  only  be  arrived  at  by 
stroug  deviation  of  the  directions  of  affiaiCy. 

Bat  etill  more  snrprisi  iig  discoveries  were  hidden  in  van't  HoflTs  the- 
Di>'.  Tbe  gifted  butoli  thinker  had  penetrated  to  the  idea  that  two 
RlornH  which  are  linked  together  by  a  single  valeucy  rotate  freely  aronnd 
aoaiie  the  direction  of  which  coincides  with  that  of  the  linking  valency, 
bat  tbst  this  rotation  is  stopped  as  soon  as  double  linking  takes  place. 
Tliis  latter  is  an  immediate  consequence  of  the  tetrahedric  conception. 
If  I  stretch  ont  my  two  fore-Sngers  and  lettheirpoiuts  touch  each  other, 
tbeD  the  hands  can  rotate  around  them  as  an  axis ;  but  if  I  etretoh  both 
tbunibe  and  both  fore-fingers  and  allow  their  corresponding  points  to 
tonch  each  other,  then  a  system  results  in  which  rotation  ia  impossible. 
Hiese  two  propositions  of  van't  Hoff,  having  remained  almost  nn- 
noticed  fora  decade,  have  lately  come  into  great  prominence.  In  a  series 
ofimportant  researches  Johannes  Wislieenus  has  proved  that  apply- 
ing tbetie  propositions  and  at  the  same  time  considering  the  speciflo 
affinities  of  the  groups  or  elements  present,  the  stereometric  aggrega* 
tioo  of  the  atoms  in  certain  molecules  can  be  determined  with  proh- 
strility.  In  an  ingenious  manner  liehas  utilized  theaddition  phenomena 
>i)owQ  by  carbon  atoms  trebly  linked  together  for  an  interpretation  of 
1  steinonietric  aggregation  of  the  atoms  in  the  compounds  formed. 

Wisitcemis,  npplying  van't  Hofl's  ideas  with  courage  and  strictness, 
bag  advanced  organic  chemistry  in  an  important  manner  and  hasojiened 
>  field  for  experimental  research,  which  heretofore  bad  been  avoided 
titb  a  precaution  suggestive  of  timidity. 

Sew  discoveries  came  from  other  sides.  An  intimate  research  into 
tbe  oiims  of  benzil  lead  to  tbe  surprising  result  that  the  validity  of  the 
Kwod  propositiou  of  van't  Hoff  is  not  without  exception.  Gases  were 
noticed  in  which  the  free  rotation  of  carbon  atoms  united  by  a  simple 
bond,  which  van't  Hoff  disclosed,  did  not  obtain.  Further  iuquiry  into 
tiiia  subject  letl  to  a  renewal  of  the  question,  "What  <loe8  chemical 
''■'mcy  really  meant"  A  question  to  which  the  mind  incessantly  de- 
inaDds  an  answer.  It  had  long  since  been  suggested  that  valeucy  had 
wme  relation  to  the  electric  behavior  of  the  atoms.  The  chemistry  of 
^day  expresses  Faraday's  fundamental  electrolytic  law  thus:  An 
electric  current  which  flows  through  several  fused  electrolytes  severs 
D  each  of  them  the  same  number  of  valenciea,  not  of  atoms. 
It  was  found  by  vou  Helmholtz  that  those  quantities  of  electricity 
fhich,  during  the  electrolytic  process,  move  with  the  ions  are  dis- 
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tribute*!  atnoog  the  vMlencies.  Rieoke,  to  virtue  of  his  pyro-electris  n- 
searche8,  was  led  to  tlie  view  that  the  atoms  are  sarroanded  by  cerUin 
systems  of  positive  and  negative  electric  poles. 

CJuitiDg  these  resalts  with  those  of  purely  chemical  ezperimentatioa, 
we  arrive  at  the  idea  that  the  valencies  do  oot  appear  as  p<nnt»  of  attack 
proper,  bat  as  having  linear  dimensious.  The  carbon  atom  represenU 
itself  as  a  sphere,  surrounded  by  au  envelope  of  tether  which  conlaiiu 
the  valencies.  The  latter  seem  to  be  determined  by  the  pr&seDce  of  two 
opposite  electric  iioles  which  rest  at  the  ends  of  a  very  short  etraigfat 
line.  Such  a  system  is  called  a  di-pole.  The  attachment  of  two  val«naea 
to  each  other  consists  in  the  sttractton  of  their  opposed  poles.  It  is 
evident  that  in  a  radial  position  of  the  di-poles  they  form  an  axis  arouDd 
which  the  atoms  are  able  to  rotate,  but  that  this  rotation  is  npset  io 
case  of  a  tangential  position.  In  what  has  been  said  so  fur  and  tbrongh 
further  considerations  in  regard  to  the  electrical  charge  of  the  aUwH 
and  of  the  di-[H>les  a  reason  is  found  for  the  repulsion  of  Uie  fonr 
valencies  and  consequently  for  the  tetrahedric  grouping  of  the  eaoie. 

The  factthatthe  valencies  can  deviate  from  this  position  Dowbeoontes 
intelligible ;  we  perceive  why  the  valencies  of  one  atom  can  not  onita 
with  one  another,  while  those  of  different  atoms  can  combine;  it  is 
clear  that  there  can  exist  two  kinds  of  simple  linking,  one  of  which 
admits  of  rotation,  while  the  other  does  not ;  finally,  that  in  casM  of 
manifold  linking  the  free  rotation  must  beannnlled.  Bence  this  hypoth- 
esis opens  to  us  an  understanding  of  the  most  important  properties  of 
chemical  valency. 

Somuchniay  be  said  of  the  problems  relating  to  the  theory  of  valency. 

But  the  doctrine  of  substitution  has  likewise  experienced  a  peculiar  | 
enlargement.    Dumas  first  showed  that  the  properties  of  organic  fl(Mn^ 
|)ound9  are  generally  little  changed  when  the  hydrogen  of  the  same  ii 
replaced  by  anivalent  elements  or  groups.    Now  it  has  been  lesracd 
from  later  experiments  that  even  much  more  radical  changes  in  tbs 
composition  do  not  materially  infinence  the  properties  of  the  substaiHA 
If  for  example  we  replace  in  the  hydro-carbon  benzol — two  carbon  and  . 
two  hydrogen  atoms  by  one  atom  of  snlphur,  the  resulting  product, 
thiophen,  resembles  benzol  chemically  and  physically  so  cloaely  as  U 
be  mistaken  for  it.    We  learn  from  this  that  the  sulphur  atom  is  abit ' 
to  take  upon  itself  the  fhnotions  of  four  atoms  of  entirely  differ^l 
nature.    Similar  facts  have  been  found  in  regard  to  oxygen  and  to  tl* 
imido  group,  which  is  equivalent  to  it. 

Turning  away  from  these  researches  to  cast  a  glance  apon  gwMnl 
chemical  studies  which  lie  some  years  behind  ns,  we  most  above  aH  ' 
consider  one  of  the  most  far-reaching  discoveries  of  onr  epoch,  the  rev- 
elation of  the  natural  giftlem  of  tke  chemical  elements.  We  owethisM  | 
the  far-seeing  Demetrius  Mendelejeff.  By  the  side  of  the  titanio  flgw*. ; 
of  the  Russian  scholar  we  see  the  Englishman,  Newlands,  aod  oar  o*i  ; 
conntryman,  Lothar  Meyer,  successfully  cooperating  in  tfa«  fpondatiM  ' 
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ud  the  structure  of  this  work.  Wtiat  theae  mea  created  has  since 
beeome  generally  known ;  they  showed  that  the  properties  of  the  elementt 
irtfimetioM  of  their  atomic  weights.  Mendelejeff  taagbt  us  to  predict 
tbe  existence  and  the  pro|>ertie8  of  cbemioal  elemeats  as  yet  uDkuown 
with  a  certainty  that  reminda  na  of  Le  Verrier'a  predictioa  of  the  dis- 
covery of  the  planet  Neptune.  We  can  say  witli  confidence  that  eves 
to^sy  nmuerons  elements,  tbe  qualities  of  which,  as  well  as  the  place 
'l>ich  they  will  occupy  ia  the  system,  cau  be  miautely  foretold,  wait 
meret;  to  be  discovered. 

Tbe  Datnral  system  has  imposed  npon  ns  a  problem  of  tbe  greatest 
ei^iflcauce  in  tbe  uew  determination  of  tbe  atomic  weights,  tbe  numer- 
ical vaiaea  of  which  are  now  of  increased  interest.  Bat  numerous  other 
problems  are  presented  by  tbe  new  system  of  tbe  elements.  Above  all 
'e  are  at  a  loss  to  discern  tbe  cause  of  the  inner  nexus  of  the  elements 
» tbe  system  oBeis  it.  Also  bydiligeot  work  tbe  less  studied  elements 
miut  be  properly  brought  within  the  system.  Fortunate  circumstances 
may  allow  ua  to  discover  the  numerous  elements  indicated  by  tbe  peri- 
odic law.  Here  let  us  note  a  peculiar  coincidence.  We  know  to-day 
kboat  seventy  elements,  but  MendelejefiPs  table  indicates  so  far — two 
inall  periods  of  seven  elements  eaci),  and  five  large  ones  of  seventeen 
^meuts,  respectively.  To  these  must  be  added  hydrogen,  forming  a 
"gronp''in  itself. 

Bynddition  of  these  figures,  (2  x  7)  +  (5  x  17)+  I,  we  obtain  exactly 
liie  Dumber  100. 

It  is  tnie  that  no  one  can  say  whether  the  missing  elements  will 
really  be  discovered,  or  if  farther  new  periods  might  not  be  indicated 
by  which  this  number  100  vonld  be  exceeded.  But,  as  far  as  positive 
lua  are  at  baud,  tbey  indicate  exactly  tbe  number  mentioned  and 
•ochiug  points  beyond  it, — au  odd  coincidence  which  seems  to  ally 
ie  number  of  the  existing  elements  with  the  number  of  our  fingers, 
l^e  discovery  of  tbe  system  of  the  elements  leads  us  back  to  the 
laestioa  whether  the  chemical  elements  are  separate  worlds  in  them- 
Klves  or  whether  they  represent  different  forms  or  conditions  under 
'htch  one  altimate  substance  exists,  a  question  that  has  occapied  the 
Ailosophical  miud  since  very  early  times.  The  same  question  was 
»i»ed  anew  by  the  discovery  of  spectral  .analysis.  Whosuevor  regards 
he  Qumeroas  lines  of  the  spectrum  of  a  metal  will  hardly  be  convinced 
hat  tbe  metal  from  which  they  emanate  should  be  an  eternally  un- 
iecomposable  element.  In  a  similar  manner  the  compound  nature  of 
he  elements  is  indicated  by  comparison  of  the  regularities  in  numbers 
f  the  atomic  weights  with  the  homologous  series  of  organic  chemistry. 
In  tite  parsait  of  this  question,  which,  since  Prout's  hyiiotbe^sis  and 
be  surprises  offered  by  Stas's  determinations  of  atomic  weights,  has  not 
een  allowed  to  rest,  positive  results  are  not  to  be  found.  The  decom- 
otitioQ  of  substances  called  elements  into  simpler  ones  has  not  been 
Bcomplisbed. 

H.  Mis.  129 24 
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Nevertheless  sonoetbiDg  has  beea  achieved,  siuce  au  iucreafled  inbeKst 
lias  been  drawn  towards  pyro-cbemical  research. 

To-day  new  methods  of  experiment  permit  of  a  comparativdy  easy 
determinatioii  of  the  vapor  density  aud  coaseqnently  of  tlte  molea^ar 
stateof  the  substances  at  tlie  highest  temperatoics. 

Numerous  inorganio  compoaDds,  above  all  the  very  elements,  have 
beeu  studied  in  rej^rd  to  their  vapor  density  at  a  white  heat. 

While  many  of  tbera,  its  oxygen,  nitrogen,  snlpbur,  and  mercnry,  re- 
main unchanged  under  sncb  conditions,  the  molecnles  of  ohlorine,  bro- 
mine, and  iodine,  respectively,  were  split  into  two  atoms,  in  confoimity 
with  Avogadro's  sarmise  of  the  compound  natare  of  elementaiy  mtrie- 
oales. 

In  the  same  manner,  tbe  vapor  density,  and  hence  the  molecslar 
condition  of  the  less  volatile  substances,  zinc,  tballiom,  antimony,  and 
bismntb,  was  sue  essfally  determined  at  a  white  heat. 

Careful  research  resulted  in  tbe  exposure  of  the  old  faJlaoy  of  tlie  l 
existence  of  a  snipbur  molecule  containing  six  atoms.  I 

Bat  bow  many  of  the  problems  wliich  crowd  aroand  us  at  this  point 
are  for  tbe  time  being  entirety  beyond  the  reach  of  the  experimenter! 

To-day  pyro-cheinical  work  is  limited  to  a  temperature  of  1700°  C, 
because  vessels  of  porcelain  and  platinum,  to  the  use  of  which  we  are 
limited,  fuse  above  that  temperature.  The  possibility  of  performing 
quantitative  experiments  at  these  temperatures  seemed  to  us  some  years 
ago  to  be  an  unexpected  progress,  but  to-day  we  complain  that  the 
trivial  canse  of  a  want  of  proper  vessels  forbids  ns  to  increase  the  tem- 
iwrature  up  to  2000°  or  3000°  O.  There  is  no  doabt  that  we  ahontd 
arrive  at  new  nutbougbt-of  facts,  that  the  splitting  of  still  otber  ele- 
mentary molecules  would  be  possible,  that  a  new  chemistry  woald  be  | 
revealed  to  us,  if — being  provided  with  vessels  of  infusible  material,  we  ; 
coald  work  at  temperatures  at  which  water  vapor  could  not  exist  and 
at  which  detonating  gas  wonid  be  a  non-iudammable  mixtorel 

Let  ns  now  enter  other  fields  of  physical  chemistry.  Golden  firait, ! 
daily  increasing,  has  been  harvested  upon  this  field  daring  these  lattw 
days.  Again  we  see  van't  Hofif  take  tbo  lead.  His  keen  eye  baa  en- 1 
abled  us  to  penetrate  the  nature  of  solution,  which  forms  tbe  beginoinir  i 
of  a  new  epoch  in  molecular  physics.  Tbe  qninteesenoe  of  his  diaoovei^ ' 
ies  may  be  thus  expressed :  i 

"Solations  of  different  substances  in  tbe  same  liquid,  which  contain 
in  tbe  same  volume  an  equal  number  of  moleculea  of  the  dissolved  aob- ' 
stance,  show  tbe  same  osmotic  prenswre.  tke  same  vapor  preasure,  and  tiU 
same  freezing  point."  \ 

This  surprising  generalization  offers  tbe  possibility  of  determining  I 
tlie  true  molecular  weight  of  substances  by  experimenting  upon  them  is 
solution,  while  heretofore  this  has  only  t>een  possible  by  transfornun^! 
them  into  tbe  gaseous  state,  hence  only  for  volatile  substttnoeft,  satoe' 
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Mhte  mlutioiu  beliaro  in  regard  to  the  moleonlar  state  of  the  dissolved 
substance  like  gases. 

Id  this  tDaoner  oe  v  methods  are  $;tveri  for  the  detoriaination  of  raolec- 
alnrweights,  which  we  are  now  able  to  determine  by  means  of  meas- 
uremenu  relatiog  to  the  freezing  point,  the  vapor  pressure,  of  the  osmotie 
prmnre  of  a  solntion  of  the  sabstance  to  be  tested. 

These  results  are  of  the  highest  possible  practical  importance  for  chem- 
iiitiy,  since  they  widen  in  »a  unexpected  manner  the  possibility  of  the 
deteroiiDiitioii  of  molecalar  weights,  and  in  a  still  higher  degree  we  are 
onrprised  by  the  elncidatiOD  which  lliey  offer  in  regard  to  the  nature  of 
tolution.  Olausias  had  already  admitted,  within  uarruwer  limits,  that 
ID  solDtioDB  of  electrolytes  some  of  the  dissolved  molecules  were  decom- 
posed iuto  their  ious,  bat  now  this  has  been  proved  in  a  larger  measure, 
particalarly  by  Arrhenins.  What  a  obauge  our  couceptioiis  will  have 
to  aadergo  if  we  have  to  aocastom  ourselves  to  regard  a  dilute  solution 
argodinm  chloride  as  oue  containing,  not  undecomposed  molecules  of 
tbis  salt,  bat  separated  atoms  of  sodium  and  cblorine ! 

We  owe  these  revolutionizing  innovations  to  the  investigations  of 
not  Boff,  Arrhenins,  Ostwatd,  PEauck  aud  de  Vrie,  but  iu  regard  to 
eiptrimeDtal  research  especially  to  the  splendid  work  of  Baonit,  which 
daring  recent  years  has  effected  this  mighty  theoretical  progress. 

Thus  we  see  physical  chemistry  moving  on  in  weighty  developmeut. 
9peciBl  laboratories  are  opened  for  her,  and  a  special  journal  also  has 
liKD  started  which  is  open  alike  to  the  records  of  experiment  and  to 
theoretical  discussion.  Through  the  foundation  of  this  organ  physical 
chenistry  has  been  farthered  in  a  most  active  manner.  All  the 
qncetions  of  the  time  and  all  those  in  dispute  belonging  to  this  depart- 
Mutof  science  receive  in  this  paper  a  thorough  discussion.  Dynamical- 
ctremioal  qnestione  are  soocesefolly  studied,  a  significant  impetus  is 
given  to  the  study  of  structure  and  affinity  (widened  as  our  knowledge 
o[  the  nature  of  solutions  has  made  necessary),  by  means  of  the  study 
oTtbe  relations  between  chemical  nature  and  electric  conduction. 

The  inquiry  into  the  intimate  relations  that  exist  between  physical 
>nl  chemical  prot>erties,  which  was  inaugurated  half  a  century  ago  by 
Bennann  Kopp,  is  now  being  dee]>ened  and  widened. 

It  is  true  that  the  great  hopes  which  sprang  from  the  study  of  thermo- 
dtemical  questions  have  so  far  been  only  partly  fulfilled,  but  consecutive 
■iMsarements  oflFcr  more  clearness  also  in  this  ease. 

There  ia  no  field  of  our  science  in  wliicb  we  may  expect  greater  revo* 
lilionBin  the  time  near  at  hand  than  iu  that  of  phyuical  chemistry! 
IV  value  of  these  for  general  chemistry  will  be  greater  in  proportion 
tt  the  representatives  of  the  same  will  recognize  their  task  in  tliis: 
Above  all  to  remain  upon  the  chemical  ntandiwint  and  to  improve  cAem- 
b(Thy  the  application  of  physical  modes  of  thought  and  experiment, 
ftose  who  tried  to  farther  the  progress  of  chemistry  by  the  use  of 
physicHl  methods,  bat  with  insofflcient  consideration  for  chemical  rel»- 
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tione,  have  been  led  into  serious  errors.  The  reepect  dae  to  work  ef 
the  highest  merit,  (wntiuued  for  years,  has  thos  been  lesaenml.  Ap- 
parently this  has  even  been  overdone,  and  it  is  much  to  be  deplored  if 
the  interest  of  chemiata  for  physical  chemistry  slionld  be  diminished 
Iteoaoee  some  of  its  representatives  are  ioclinid  to  over-rate  the  valae 
of  ttiflir  results.  He  who  swims  lu  the  midst  of  high  waves  is  unable 
at  times  to  see  over  the  crests. 

Innumerable,  also,  are  the  problems  which  meet  us  in  the  domain  of 
orgaaic  chemistry. 

After  the  astonishing  harvest  of  synthetical  results  which  has  been 
reaped  here,  hardly  any  problem  of  synthesis  seems  Doapproachable. 
Since  the  artificial  preparation  of  alizarin  by  Qraebe  and  Liebermaui, 
of  indigo  by  vod  Baeyer,  of  conine  by  Ladeoborg,  of  aric  acid  by  Hoi^ 
baczewski  and  parlJoalarly  by  Bebrend,  since  Emil  Fischer  and  Kill- 
ani  have  elucidated  the  chemistry  of  the  sugar  group  and  Wallach 
that  of  the  terpeues,  we  may  well  look  hopefully  for  a  clearer  knowledge 
of  the  bodies  comprised  under  the  name  albumin,  and  to  its  syotbesie. 

But  even  such  success  tends  only  to  render  us  more  modest,  since 
it  shows  ns  at  the  same  time  how  narrow  are  the  limits  within  which 
chemical  synthesis  moves.  Assuming  even  that  the  preparation  of 
albumin  bad  been  achieved,  how  infinitely  far  we  should  still  be  from 
a  conception  of  the  nature  of  organized  bodies !  Perhaps  science  is 
separated  by  an  impassable  chasm  from  the  artificial  preparatinti  of  a 
simple  cell.  Such  an  achievement  lies  at  least  beyond  the  sphere  of 
chemistry. 

But  shall  we  really  never  succeed  in  sounding  the  process  of  attim- 
ilation,  which,  in  spite  of  its  simplicity,  presents  itself  to  ns  so  eni^ 
maticallyl  Will  it  be  found  impossible  to  prepare  artificially  in  our 
laboratories,  from  carbon  dioxide  and  water,  sugar  and  starch,  a  prov- 
ess  which  nature  performs  anceasiugly  in  the  green  parts  of  plantsl  - 

The  chemist  however  should  not  step  prematurely  upon  the  field  of 
biology  while  so  many  great  problems  remain  untouched  in  bis  ovK 
peculiar  sphere  of  investigation. 

The  method  of  research  in  organic  chemistry,  in  spite  of  the  brilliant 
successes  already  recorded,  forces  us  even  to-day  to  coofi'ss  that  oidfi 
a  very  minute  proportion  of  kuowu  substances  is  witbin  its  reach.  ^ 
order  to  isolate  au  organic  substance  we  are  generally  confined  to  tte 
purely  accidental  properties  of  crystailization  or  volatilization.  Hant 
not  those  thousands  of  amorphous  sultstauces  which  canuot  be  eb^y 
acterized  by  any  chemical  property  and  which  the  chemist  is  forced  It 
lay  aside  because  he  is  unable  either  to  purify  them  or  to  transform 
them  into  volatile  or  crystallizable  bodies, — have  they  uot  the  (laaa 
claim  upon  our  interest  as  their  more  beautiful  and  more  —rnniTrnhH 
comrades  T 

The  most  significant  progress  of  organic  chemistry  does  not  coDSMk 
in  single  discoveries,  nor  in  further  expansion  of  synthetical  t 
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Wbftt  TB  want  ia  :  new  methods  for  reeognmni;  the  individuality  of 
nIataKca.  The  black  Babstances  of  earthy  nature,  the  iaaatnerable 
(oraless  and  resinoas  products  in  the  bodies  of  plants  and  aolmalH, 
tliecoloriDg  matter  which  gives  beauty  to  flowers,  all  of  tbese  today 
mock  onr  efforts  to  kuow  them ;  they  will  form  a  new  and  tnexbanstible 
field  for  tbe  prosecntion  of  chemical  research,  when  methods  shall  have 
been  fonud  with  which  to  begin  this  research. 

AaA  as  in  organic  chemistry,  so  iu  mineraX  chemistry  ev&rs  step  leads 
to  questions  which  we  have  as  yet  do  means  of  answeriog.  The  sya- 
them  at  mlDerals  and  of  rocks  had  made  important  progress,  it  is  true, 
and  this  as  well  as  the  application  of  the  doctrine  of  structnre  to  the 
sfodf  of  mineral  species  gradually  leads  to  the  understanding  of  their 
constitution;  but  we  are  as  yet  unable  to  use,  in  the  study  of  min- 
erals, tbe  method  of  analytical  decomposition  which  has  been  so  soccess- 
fnlly  used  to  study  the  constitution  of  organic  substances,  and  above 
all  ve  lack  the  least  knowledge  in  regard  to  the  true  molecular  weight 
of  minerals. 

Qaite  recently  we  have  been  presented  with  no  less  than  three  new 
anilfrnitfal  methods  for  thedeterminntion  of  the  molecular  weight,  but 
not  me  of  them  givei«  us  an  indication  of  the  trne  molecular  weight  of 
the  most  simple  oxides,  sucii  as  silicic  anhydride  or  calcium  oxide. 

We  know  to-day  very  well  that  silicic  anhydride  can  not  have  the 
fonnala  SiOi,  that  this  must  be  multiplied  by  a  very  large  factor;  bnt 
ofthe  numerical  value  of  this  latter  we  have  no  indication.  And  thus 
also  in  mineral  chemistry  we  must  aim  not  exclusively  at  finding  new 
/irfi,  but  new  methods  of  research  in  the  first  place,  if  a  period  of  new 
<l>a»veries  is  to  be  attaiued  iu  this  branch  of  our  science. 

Bnt  how  cau  we  conclude  this  brief  review  without  mentioning  also 
^6  applications  of  chemistry  to  the  industrial  arts,  tbe  progress  of  which 
lias  mainly  contributed  to  spread  tbe  splendor  of  onr  science  most 
■idelyl  Tbe  infinite  variety  of  the  tar  colors,  surpassing  the  colors  of 
Hovers  in  uumher  and  brightness,  is  daily  increased  by  new  discoveries. 
^e  technology  of  these  dyes  and  pigments  forms  the  most  brtlliaut 
!nniQphof  purely  scientific  laboratx^ry  work  applied  to  maunfactnres. 
I^iB  industry  in  the  simplest  manner  and  on  tbe  largest  scale  performs 
■be  synthesis  of  comx>ounds  the  complex  nature  of  which  is  indicated 
»y  tbe  names  they  bear.  The  nnscientiSo  man  ia  frightened  when  a 
>eaatifnl  and  brilliant  dye  is  referred  to  as  Hexamethylmethoxytriamido- 
*^phenylcarbinol;  for  the  initiated  there  lies  iu  this  nnpleasant  name 
>  fiitl  account  of  the  synthesis  and  the  constitution  of  the  dye. 
loduHtry  baa  learned  to  derive  not  only  colors,  bnt  healing  medicines 
ifo  from  ooal  tar.  Antipyrin,  discovered  by  Enorr,  upon  the  basis  of 
ilmil  Fischer's  fandameutal  research  npon  tbe  hydrazines,  brings  to 
honsands  suffering  from  fever,  relief  at  least — if  not  care.  Let  ns  hope 
hat  the  time  is  not  far  distant  when  real  fever  curatives,  which  like 
he  natural  alkaloids  of  the  cinchona  bark,  not  only  temporarily  svp' 
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prtta  tUe  disease,  bat  really  cure  it,  may  be  prepared  by  Bynttaess. 
Until  tlien  be  patient  and  do  not  chide  chemistry  if,  for  tbe  time  beioE, 
she  oBTers  only  silver  instead  of  gold. 

Events  in  this  field  of  the  great  chemical  industries  are  sigoifleuit 
We  are  the  wituesses  of  a  great  combat  taking  place  between  the  older 
process  of  Le  Blanc  for  the  preparation  of  soda  and  the  new  one  of 
Solvay  called  tbe  ammonia-soda  process.  The  iutelligence  and  in- 
ventive genius  of  mauufactarera  have  added  nnder  the  pressare  of  this 
oompetition  a  large  number  of  iaiprovemeuts  to  the  mauofacture  of 
sulphuric  acid  and  of  soda,  and  new  and  valnable  methods  for  tlie 
preparation  of  chlorine.  Here,  more  than  in  any  other  bnnch  of 
cliemioal  indnatry,  the  straggle  for  existence  is  fierce. 

The  manufacture  of  iron,  that  moat  important  chemical  iadnstry,  ii 
transformed  by  innovations.  Tbe  imposing  changes  wrought  by  the 
older  process  of  Bessemer,  by  tbe  new  one  of  Thomas,  are  they  not 
based  purely  upon  chemical  reactions  f  The  grandest  application  of  a 
a  complicated  chemical  reaction  to  a  great  manufacture  is,  perh^e, 
the  dephosphoriziog  of  pig-iron  by  lining  the  Bessemer  converter  witb 
basic  material,  an  iuvention  which  we  owe  to  Thomas  and  GilchiuL 
Prom  this  aguiu,  agriculture  derives  an  advantage  in  tbe  nee  of  tbe 
Thomas  slag  containing  the  phosphoras  which  heretofore  rendered  iron 
ore  less  valuable.  This  then  is  truly  a  trauaformation  of  stone  into 
bread,  similar  to  the  older  mannfacture  of  soluble  fertiliEers  from 
mineral  phosphates.  Nevertheless,  the  era  of  bliss  which  was  prophe- 
sied three  years  ago  at  the  Berlin  meeting  of  naturalists  by  our  ilins- 
trious  colleague,  Ferdinand  Cohn,  has  not  yet  dawned.  He  held  that 
all  struggles  for  existence  amongst  men,  arising  from  want  of  food,  (the 
bread  qnestion,)  will  be  done  away  with,  when  chemistry  shall  hkni 
learned  to  prepare  starch  from  carbon  dioxide  and  water.  But  e 
time  immemorial  the  farmer  is  occupied  in  this  very  chemical  induirit7| 
and  it  would  hardly  bs  great  progress  if  the  farm  were  merely  r^>Uee( 
by  a  chemical  factory.  But  we  may  reasonably  hope  that  chemistr] 
will  teach  us  to  make  the  fiber  of  wood  a  source  of  human  food. 

Indeed,  if  we  consider  how  small  is  tbe  quantity  of  starch  wbieh  tl 
grain  furnishes  us,  and  further  that  tbe  wood  fiber  has  exactly  the  aan 
chemical  composition  as  starch,  we  see  tbe  possibility  of  increasing th 
production  of  food  indefinitely  by  solving  this  problem :  To  tratt^on 
cellulose  into  starch. 

If  this  problem  were  solved  we  should  find  an  inexhaustible  a 
of  human  food  in  the  wood  of  our  forests,  in  grass,  and  even  in  8tn< 
and  chafi'.  Tbe  beautiful  researches  of  Hellriegel  have  recently  dia 
closed  the  fact,  which  in  former  times  was  dioputed,  that  certain  plant 
transform  atmospheric  nitrogen  into  albumin  and  that  this  process  a 
be  improved  by  suitable  treatment. 

The  increase  of  albumin  in  plants,  according  to  a  plan,  together  witi 
the  production  of  starch  out  of  cellulose — this  would  in  teaiity  sigai^ 
the  abolition  of  the  bread  question.  CtOO^Ic 
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Hay  it  some  day  be  granted  to  chemistry  through  such  a  discovery 
to  inaugurate  a  golden  age  for  tinmanity. 

I  have  tried  to  give  a  review  of  the  most  important  problems  which 
are  set  before  chemical  science.  I  have  mentioned  a  goodly  number, 
bat  the  short  time  of  oiie  hour  permits  me  to  touch  but  slightly  upon 
the  greater  ODea.  There  are  so  many  problems  before  us,  which  await 
ao  immediate  solution  as  tojustify  what  I  said  in  the  beginning;  that 
today  the  chemist  has  no  time  to  complain  because  the  epoch  of  a 
mathematical  treatment  of  his  science  has  not  yet  arrived. 

Kevertbeless,  tbe  brilliant  successes  which  have  been  gained,  the 
wonderful  results  which  are  immediately  within  our  reach,  have  not 
tbe  power  to  tnru  our  eyes  from  this  final  problem. 

The  Newton  prophesied  to  Chemistry  by  Emil  du  Rois  Reymond, 
may  he  appear  at  a  later  period ;  until  he  comes,  may  many  a  genera- 
tion honorably  plow  on  in  the  sweat  of  its  brow !  We  must  remember 
that  nature  is  not  nnderstood  by  us  until  we  are  able  to  reduce  its  phe- 
nomena to  simple  movementSi  mathematically  traceable. 

Tbe  time  will  come,  even  for  chemistry,  wben  this  highest  kind  of 
treatment  will  prevail.  The  epoch  in  which  the  foremost  impulse  of 
its  research  was  a  serenely  creative  imagination  will  then  have  passed; 
the  joya,  but  also  the  pangs  and  struggles,  peculiar  to  youth,  will  have 
been  overcome.  ' 

Re-aDil«d  to  Physics,  her  sister  science,  from  whom  her  ways  at 
present  are  separated,  Chemistry  will  rnu  her  course  with  Arm  and 
oofoltering  stei>s. 
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By  Prof.  Raphael  Meldola,  F.  B.  S. 


The  history  of  a  discovery  wbicb  baa  beeo  developed  to  gncfa  a 
remarkable  degree  of  perfectioo  as  pbotograpby  baa  naturally  been  a 
fruitful  source  of  diacusaioa  among  those  who  interest  themselves  in 
tracing  ttie  progress  of  science.  It  is  only  my  preseuoe  iu  this  lectare 
theater,  in  which  tbe  first  public  discourse  on  photography  was  given 
by  Thomas  Wedgwood  at  the  beginning  of  the  centary,  that  juatifies 
my  treading  once  again  a  path  which  has  already  been  so  tboroagbly 
well  beat«n.  If  any  further  justilication  for. trespassing  upon  tbe 
grouDd  of  the  historian  is  needed,  it  will  be  found  in  tbe  cironmstance 
ttiat  in  tbe  autumn  of  last  year  there  was  held  a  celebration  of  what 
was  generally  regarded  as  the  jubilee  of  the  discovery.  This  celebra- 
lion  vas  coDsidered  by  many  to  have  reference  to  the  public  disclosure 
of  the  Daguerreotype  process,  made  through  the  mouth  of  Arago  to  the 
French  Academy  of  Sciences  on  August  10, 1839.  There  is  no  doubt 
tliat  tbe  introduction  of  thia  process  marked  a  distinct  epoch  in  the 
history  of  the  art,  and  gave  a  great  impetus  to  its  subsequent  develop- 
meot  Bnt  while  giving  full  recognition  to  the  value  of  the  discovery 
of  Daguerre,  we  must  not  allow  tbe  work  of  bis  predecessors  and  con- 
temporaries in  the  same  field  to  sink  into  oblivion.  Aft«r  the  lapse  of 
half  a  century  we  are  in  a  better  position  to  consider  fairly  the  inSu- 
«ace  of  the  work  of  different  investigators  upon  modem  photographic 


I  have  not  the  least  desire  on  the  present  occasion  to  raise  tbe  ghosts 
of  dead  controversies.  In  fact,  tbe  history  of  tbe  discovery  of  pho- 
tography is  one  of  those  subjects  which  can  l>e  dealt  with  in  various 
vays,  according  to  tbe  meaning  assigned  to  the  term.  There  is  ample 
Kope  for  the  display  of  what  Mr.  Herbert  Spencer  calls  the  '^  bias  of 
patriotism."  If  the  word  "  photography'*  be  interpreted  literally  as 
writing  or  inscribing  by  light,  without  any  reference  to  the  subsequent 
permanence  of  the  inscription,  then  the  person  who  first  intentionally 
caused  a  design  to  be  imprinted  by  light  upon  a  photo- sensitive  com- 
pound mast  be  regarded  as  the  first  photographer.  According  to  Dr. 
Eder,  of  Vienna,  we  must  place  this  experiment  to  tbe  credit  of  Johann 

'FridAy  eTenmir  leclare  delivercil  at  tbe  Koyal  loetitulioD,  ou  Muy  16,  IWO. 
(Fran  JTotw*  Jul}  tO,  1890,  vol.  xlii,  pp.  a46-250.)  (  I^^mI  - 
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Heiorich  Schnlze,  the  son  of  a  German  tailor,  who  was  born  in  tbe  Dnchf 
of  Madgebarg,  in  Prosiiia,  iu  1687,  and  who  diet)  in  1744,  aft«r  a  life  of 
extraordinary  activity  as  a  lingnist,  tfaeologiau,  pliysician,  and  pbiloso- 
pher.  In  tbe  year  1727,  when  experimeDtiog  oo  tbe  subject  of  pbo»- 
phorescence,  Scbnlze  observed  tbat  by  pooring  nitric  acid,  in  wbieb 
Bome  silver  had  previoaaly  been  dissolved,  on  to  chalk,  tiie  nodissolved 
earthy  resiclne  had  acqaired  tbe  property  of  darkening  on  exposare  to 
light.  This  effect  was  shown  to  be  due  to  light,  and  not  to  heat.  B; 
pasting  words  cat  oat  in  paper  on  the  side  of  the  bottle  containing  bis 
precipitate,  Schulze  obtained  copies  of  the  letters  on  the  silvered  chalk. 
Tbe  tierman  philosopher  certainly  produced  what  might  be  called* 
temporary  pbotogram.  Whatever  value  is  attached  lo  this  observa- 
tion in  the  development  of  modern  photography,  it  must  be  conceded 
that  a  considerable  advance  was  made  by  spreading  the  sensitive  com- 
ponndoverasorfaceinsteadof  nsiogit  in  mass.  It  is  hardly  neceaaafy 
to  remind  yon  here  that  sach  an  advance  was  made  by  Wedgwood  and 
Davy  iu  1802.*  The  impressions  produced  by  these  last  ezperimenwn 
were  unfortunately  of  no  more  permanence  than  those  obtained  by 
Schnlze  three  quarters  of  a  century  before  tbem. 

It  will  perbaps  be  safer  for  tbe  bistoriao  of  this  art  to  restrict  the 
term  photograph  to  such  impressions  as  are  possessed  of  permanence. 
I  do  not  of  course  mean  absolute  permanence,  but  ordinary  durability 
in  the  common-sense  acceptation  of  the  term.  From  this  point  of  vie* 
the  Brst  real  photographs,  i.  €.,  permanent  impressions  of  the  camen 
picture,  were  obtained  on  bitumen  dims  by  Joseph  Xic^pbore  Niepce, 
of  Cb&lons-snr-S&oue,  who,  after  about  20  years'  work  at  tbe  ob- 
ject, bad  perfected  his  discovery  by  1826.  Then  came  thedays  of  silm 
salts  again,  wben  Dagnerre,  who  commenced  work  in  1824,  ent«rpdioti> 
a  partnership  with  ^Nicpce  in  1829,  which  was  brought  to  a  terminadon 
by  the  death  of  the  latter  in  1833.  The  partnership  was  renewed  be- 
tween Dagnerre  and  Niepce  de  St.  Victor,  nephew  of  tbe  elder  Siepce. 
The  method  of  fixing  the  camera  pictnre  on  a  film  of  silver  iodide  on  a 
silvered  copper  plate — the  process  jmitly  associated  with  the  name  of 
Dagnerre — was  ripe  for  disclosure  by  1838,  and  was  actually  made 
known  in  1839. 

The  impartial  historian  of  photography  who  examines  critically  into 
the  evidence  will  find  that  quite  independently  of  the  Freuch  pioneere 
experiments  on  tbe  use  of  silver  salts  bad  been  going  on  in  this  coaa- 
try,  and  photographs,  in  the  true  sense,  had  been  produced  almost 
simultaneously  with  the  annonncemeut  of  the  Daguerreotype  process  by 
two  Englishmen  whose  names  are  as  household  words  in  the  ranks  of 
science.  I  refer  to  William  Henry  Fox  Talbot  and  Sir  Jobn  Herscb^L 
Fox  Talbot  commenced  experimenting  with  silver  salts  on  paper  in 

*  "Am  Aof»>Dnl  of  a  Method  of  Copf  !□)[  Pointings  apon  GIms,  uid  of  making  Prv- 
Gles  by  the  Afc^ncy  of  Li|;ht  npoD  Nitrotn  of  Silver.    Invented  bj  T.  W«dgw«ad.    j 
Esq.    Witb  Ubaecvations  by  U.  D&vy."    Joan.  Sogat  /iHttlHtlM,  1802,  p.  17D. 
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lS3t,  aod  tlie  foltowiog  year  he  succeeded  ia  impriating  the  camera 
pictare  od  paper  coated  with  the  chloride.  In  Jaiiuary,  1S39,  Bome  of 
liui"pbotogenio  drawings" — the  flmt  "silver  printa"  ever  obtained — 
were  exhibited  in  this  Institution  by  Michael  Faraday.  lo  the  same 
month  he  commnoicated  his  first  paper  oa  a  photographic  process  to  the 
Itojal  Society,  aud  in  the  following  month  he  read  a  second  paper 
Wfore  the  same  society,  giviDg  the  method  of  preparing  the  sensitive 
pa|)er  and  of  fixing  the  prints.  The  ootcome  of  this  work  was  the 
"Culotype"  or  Talbotype  process,  which  was  snffioiently  perfected  for 
portraitnre  by  1S40,  and  which  was  fully  desciibed  in  a  paper  comma- 
nicated  to  the  Royal  Society  iu  1841.  The  following  year  Fox  Talbot 
receifed  the  Ramford  medal  for  his  ■'  discoveries  and  improvemente  in 
photography."* 

Heischel's  process  consisted  in  coating  a  glasfi  plat«  with  silver  chlo- 
ride by  subsidence.  The  details  of  the  method,  from  Herschel's  own 
Dotes,  have  been  published  by  his  son,  Prof.  Alexander  HerscheLt 
Bj  this  means,  the  old  40-foot  refieotiug  telescope  at  Slough  was  pho- 
tographed io  1839.  By  the  kindness  of  Professor  Hersehel,  and  with 
the  sanctiou  of  the  Science  aud  Art  Department,  Herschel's  original 
photographs  have  been  sent  here  for  your  inspection.  The  process  of 
coating  a  plate  by  allowing  a  precipitate  to  settle  on  it  iu  a  uniform 
film  is  however  impracticable,  and  was  not  fnrther  developed  by  its 
illostrious  discoverer.  We  must  credit  him  however  as  being  the  first 
to  Dse  glass  as  a  sub-stratum.  Herschel  further  discovered  the  im- 
portant fact  that  while  the  chloride  was  very  insensitive  alone,  its  sen- 
atireneas  was  greatly  increased  by  washing  it  with  a  solution  of  silver 
Ditiate.  It  is  to  Herschel  also  that  we  are  indebted  for  the  use  of 
Bodinm  thiosniphate  as  a  fixing  agent,  as  well  as  for  many  otiier  dis- 
eoveries  in  connection  with  photography  which  are  common  matters  of 
hiMoty. 

Admitting  the  impracticability  of  the  method  of  subsidence  for  pro- 
dacing  a  sensitive  film,  it  is  interesting  to  trace  the  subsequent  devel- 
opment of  the  processes  inaugurated  about  the  year  1639.  The  first  of 
photographic  methods — the  bitomen  process  of  Niepce — survives  at 
the  present  time,  and  is  the  basis  of  some  of  the  most  important  of 
modem  photo>mecbauical  printing  processes.  [Specimens  illustrating 
photo-etching  from  Messrs.  Waterlow  &  Sons  exhibited.]  The  Daguer- 
reotype process  is  now  obsolete.  As  it  left  the  hands  of  its  inveutor 
it  was  uDSuited  for  portraiture  on  account  of  the  long  exposure  re- 
qnired.  It  is  evident  moreover  that  a  picture  on  an  opaque  metallic 
plate  is  incapable  of  re-production  by  printing  through,  so  that  in  this 
respect  the  Talbotype  possessed  distinct  advantages.  This  is  oua  of 
the  moat  important  points  in  Fox  Talbot's  contributions  to  photogra- 


*  For  these  and  othar  detftile  relutitig  to  Fox  Talbot'H  work,  necessarily  excluded 
fat  wMt  of  time,  I  am  indebted  to  bis  son,  Mr.  C.  H.  TMlbot,  of  Laoook  Abbey. 
I  Piotog.  Joum.  and  Traita.  Fkotog.  Soo.  June  15,  IbTi.,  __ 
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pby.  He  was  the  first  to  prodace  a  traospareDt  paper  negative  from 
vhicli  any  namber  of  positives  could  be  obtained  by  printing  thnragb. 
The  silver  print  of  moderu  times  is  the  lineal  descendant  of  tbeTal- 
botype  print.  After  40  years'  use  of  glass  as  a  substratum  we  are 
going  back  to  Fox  Talbot's  plan,  and  using  tbin  flexible  films— not  ex- 
actly of  paper,  but  of  an  allied  sabslance^ellnloid.  [Specimens  of 
Talbotypes,  lent  by  Mr.  Crookes,  exhibited,  with  oellaloid  negatives  bs 
tbe  Eastman  Company.] 

If  I  interpret  tbis  fragment  of  history  correctly,  the  founders  of  mod- 
ern photography  are  tbe  three  men  whose  labors  have  been  briefly 
sketched.  The  jubilee  of  last  autumn  marked  a  culminating  pointin 
the  work  of  Niepce  and  Daguerre  and  of  Fox  Talbot.  The  names  of 
these  three  pioneers  must  go  down  to  po^^terity  as  coequal  in  the  annals 
of  acieotiSo  discovery.  [Portraits  by  Mr.  H.  M.  Elder  shown.]  Tbe 
lecture  theater  of  the  Royal  Institution  offers  Kuch  tempting  opportn- 
oities  to  the  chronicler  of  the  history  of  this  wonderful  art  that  I  mnat 
close  Ibis  treatment  of  the  subject  by  reminding  myself  that  in  select- 
ing the  present  topic  I  had  in  view  a  statement  of  the  case  of  modem 
photography  from  its  scientific  side  only.  There  is  hardly  any  inven- 
tion a8S0ciat«d  with  the  present  century  which  basrendereil  more  splen- 
did services  in  every  department  of  science.  The  physicist  and  chemist, 
the  astronomer  and  geographer,  the  physiologist,  pathologist,  and  an- 
thropologist will  all  bear  witness  to  the  value  of  photography.  The 
very  first  scieutiflo  application  of  Wedgwood's  process  was  made  here 
by  tbe  illustrious  Thomas  Young,  when  he  impressed  Newton's  rings  on 
paper  moistened  with  silver  nitrate,  as  described  iu  his  Bakerian  lecture 
to  the  Boyal  Society  on  November  2i,  1803.  Professor  Dewar  has  just 
placed  iu  my  hands  the  identical  slide,  with  the  Newton  rings  etill  visi- 
ble, which  he  believes  Yoong  to  have  used  tu  this  classic  experiment 
[Shown.] 

Our  modern  photographic  processes  depend  upon  chemical  changes 
wrought  by  light  on  films  of  certain  sensitive  compounds.  Bitumen 
nudertbis  infiuence  becomes  insoluble  in  hydro-carbon  oils,  as  in  the 
beliograpbic  process  of  tbe  elder  Niepce.  Gelatine  mixed  with  potas- 
sium dichromate  becomes  insoluble  in  wat«r  ou  exposure  to  light,  a 
property  utilized  in  the  photo-etching  process  introduced  in  1852  by 
Fox  Talbot,  some  of  whose  original  etchings  have  been  placed  at  my 
disposal  by  Mr.  Orookes.  [Shown.]  Gbromatized  gelatine  now  plays 
a  most  important  part  in  the  autotype  and  many  photo-mechanical  proc- 
esses. The  salts  of  iron  in  the  ferric  condition  undergo  reduction  to  the 
ferrous  state  under  the  influence  of  light  in  contact  with  oxidizable  or- 
ganic compounds.  Tbe  ose  of  these  iron  salts  is  another  of  Sir  John 
Herscbel's  coDtribntions  to  photography  (1812),  tbe  moderu  **  blue 
print "  and  the  beautiful  platinotype  being  dependent  on  tbe  photo- 
reducibility  of  these  compounds.  [Oyanoty pe  print  developed  with 
ferricyauide.] 
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Of  all  the  sabstanws  kuowu  to  chemiHtry  at  tlie  present  time,  the 
salts  of  Bilker  are  by  tar  the  inoat  importaat  in  photography  on  acconnt 
of  the  extraordinary  degree  of  seDaiCiveneBS  to  which  they  can  be 
raised.  The  photographic  image  with  which  it  is  my  privilege  to  deal 
OD  this  occasion  is  that  invisible  impreasiou  prodaced  by  the  action  of 
light  OD  a  aim  of  a  silver  haloid.  Many  methods  of  prodaoiot;  sacb 
films  Uave  been  in  practical  nse  since  the  foundation  of  the  art  in  1839. 
All  these  depend  on  the  doable  decomposition  between  a  soluable  chlo- 
lide,  bromide,  or  iodide,  and  silver  nitrate,  resnltiog  in  the  formation 
of  the  silver  haloid  in  a  vehicle  of  some  kind,  such  as  albumen  (Kiepce 
de  St.  Victor,  1848),  or  collodion  on  glass,  as  made  practicable  by  Scott 
Archer  iri  1851.  For  20  years  thia  collo<iion  process  was  in  nniversal 
iw;  lu  history  aod  details  of  manipulation,  it«  development  into  a 
dr>'  plate  process  by  Colonel  RaHsell  in  186],  and  iotoau  emulsion 
process  by  Bolton  aod  Sayce  in  18&4,  are  facts  familiar  to  every  one. 

The  photographic  film  of  the  present  time  is  a  gelatino-haloid  (gen- 
erally bromide)  emnlsion.  If  a  solntion  of  silver  nitrate  is  added  to  a 
solatioD  of  potassium  bromide  and  the  mixture  well  shaken,  the  silver 
bromide  coagulates  and  rapidly  subsides  to  the  bottom  of  the  liqoid  as 
a  dense  curdy  precipitate.  [Shown.]  If  instead  of  water  we  use  a 
viKid  medium,  sacb  as  gelatine  solution,  the  bromide  does  not  settle 
dovo,  bat  forms  an  emulsion,  which  becomes  quite  bomogeneous  on 
agitation.  [Uhown.)  This  operation,  omitting  all  details  of  ripening, 
vashing,  etc.,  as  well  known  to  practical  photographers,  is  the  basis  of 
all  the  recent  photographic  methods  of  obtaining  negatives  in  tbe 
camera.  Tbe  use  of  this  invaluable  vehicle,  gelatine,  was  practically 
iutmdnced  by  K.  L.  Maddox  in  1871,  previous  experiments  in  the  same 
direction  having  been  made  by  Gaudin  (1863-61).  Such  a  gelatioo- 
bromide  emulsion  cau  be  spread  uniformly  over  any  sub-stratam— glass, 
paiwr,  gelatine,  or  celluloid — and  when  dry  gives  a  highly  sensitive 
Gin. 

Tbe  fundamental  problem  which  50  years' experience  with  silver  haloid 
Alms  has  left  ill  the  hands  of  chemists  is  thiit  of  the  nature  of  tbe  chemical 
i^liango  which  occurs  when  a  ray  of  light  falls  on  such  a  silver  salt.  Long 
l>efore  tbe  days  of  photography,  far  back  in  the  sixteenth  century,  Fabri- 
^■Qs,  the  alchemist,  noticed  thnt  native  horn  silver  became  colored  when 
brought  from  the  mine  and  exposed.  The  fact  presented  itself  to  Bobert 
Boyle  in  the  seventeenth  century,  and  to  Beccarius,  of  Turin,  in  the 
^fhteenth  century.  Tbe  change  of  color  undergone  by  the  chloride 
was  first  shown  to  be  associated  with  chemical  decomposition  in  1777 
lijScfaeele,  who  proved  tfaat  chlorine  was  given  off  when  this  salt  dark- 
ened nnder  water.  I  can  show  you  this  in  a  form  which  admits  of  its 
being  seen  by  all.  [Potassinm  iodide  and  starch  paper  were  placed  in 
'*  Ktass  cell  with  silver  chloride,  and  the  arrangement  exposed  to  the 
electric  light  tilt  the  paper  had  become  blue.]    Tbe  gas  which  is  given 
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off  under  these  ciroamstances  is  either  the  free  halogen  or  aa  oxide  or 
acid  of  the  balogen,  aeoordiiig  to  the  qnantity  of  moistare  preaent  and 
the  intensity  of  the  light.  I  havA  found  that  the  bromiOe  afiecte  the 
iodide  and  starch  paper  in  the  same  way,  but  Bil  ver iodide  does  uot give 
off  any  giw  which  colore  the  test  pa|>er.  All  the  silver  haloids  become 
colored  on  exposure  to  light,  the  cliango  being  most  marked  in  tlie 
ohloride,  less  id  tbe  bromide,  and  least  of  all  iu  the  iodide.  The  latter 
mast  be  as8oeiat«d  with  some  halogien  absorbent  to  render  tbe  change 
visible.  [Stripaof  paper  coated  witb  the  pure  haloids,  the  lower  haint 
braehed  over  with  silver  nitrate  solution,  were  exposed.]  The  differ 
ent  degrees  of  coloration  in  the  three  cases  mnat  not  be  considered  as  » 
meaaure  of  the  relative  sensitiveness ;  it  simply  means  that  the  prod- 
aot«  of  photo-chemical  change  in  the  three  haloids  ace  inberently  pos- 
sessed of  different  depths  of  color. 

From  the  fact  that  halogen  in  some  form  is  given  off,  it  foltovs  that 
we  are  concerned  with  photo-chemical  decouiposition,  and  tiot  with  a 
physical  change  ouly.    All  the  evidence  is  in  favor  of  this  view.    Halo- 
gen absorbents,  such  as  silver  nitrate  on  the  lower  halves  of  tbe  papcn 
io  the  last  experiment,  organic  matter,  such  as  the  gelatine  in  an  emal- 
sioa,  and  reducing  agents  generally,  all  accelerate  the  change  of  color. 
Oxidizing  and  balogeuizing  agente,  such  as  meroaric  chloride,  potas- 
siam  diohromate,  etc.,  all  retard  tbe  oolor  obaoge.     [Silver  chloride 
paper,  painted  with  stripes  of  solotions  of  sodium  sulphite,  meccurie 
chloride,  and  potassium  dichromat^,  was  exposed.]    It  is  impossible  to 
aooonut  for  tbe  action  of  these  chemical  agents,  except  on  tbe  view  t4    i 
chemical  deoomposition.    The  ray  of  light  falling  upon  a  silver  bal«d    | 
mnst  be  regarded  aa  doing  chemical  work;  tbe  vibratory  energy  is    j 
partly  spent  in  doing  the  work  of  chemical  separation,  and  tbe  light    i 
passes  tbrODgh  a  film  of  such  haloid  partly  robbed  of  its  power  of  doing   j 
similarwork  upon  a  second  film.    It  is  difflcalttodemonstrate  this  sat-    . 
isfactorily  in  the  lecture  room  on  accoant  of  the  opacity  of  the  silvn  -. 
haloids,  but  the  work  of  Sir  John  Herschel,  J.  W.  Draper,  aod  others  ■; 
has  put  it  beyond  doubt  that  there  is  a  relationship  of  this  kind  be-  : 
tween  absorption  and  decomposition.     It  is  well  known  also  that  the 
more  refrangible  rays  are  the  most  active  in  promoting  the  decomposi- 
tion in  the  case  of  the  silver  haloids.     This  was  first  proved  for  tbe 
chloride  by  Scheele,  and  is  now  known  to  be  true  for  the  other  haloids. 
It  would  be  presumption  on  my  part  in  the  presence  of  Captain  Aboey 
to  enlarge  upon  tbe  effects  of  tbe  different  spectral  colors  on  tbeee  ha- 
loids, as  this  is  a  snbject  apon  which  he  can  speak  witb  tbe  satborilf 
of  an  investigator.    It  only  remains  to  add  that  tbe  old  ideaof  a  special 
"actinic"  force  at  the  more  refrangible  end  of  the  spectrum  has  long  ' 
been  abandoned.    It  ia  only  because  tbe  silver  haloids  absorb  these  ps^ 
ticular  rays  that  the  blue  eud  of  the  spectram  is  most  active  in  pro- 
moting their  decomposition.     Many  other  instanoen  of  photo-chemical 
decomposition  are  known  in  which  tbe  less  refirangible  rays  aro  the  most 
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active,  aud  it  is  possible  to  modify  the  silver  baloids  themtjelves  so  as 
to  make  them  seasitive  for  the  red  end  of  the  Hpeotrom. 

The  chemical  uatare  of  the  colored  |»roduet8  of  photo-chemical  deoom- 
pontioD  is  still  enshrouded  iu  mystery.  Beyond  the  fact  that  they  oon- 
Min  less  halof^ii  than  the  normal  salt,  we  are  not  mach  in  advanoe  of 
tbekDowledgel>equeathed  to  as  by  Soheele  iu  the  last  century.  The 
problem  has  been  attacked  by  chemists  again  aud  again,  bat  its  sola- 
Cim  presents  extraordinary  ditBoalties.  These  prodaots  are  never 
formed — even  nnder  the  most  fiivorable  ooaditions  of  division  and  with 
[mloDged  periods  of  espoaare— iu  quantities  beyond  what  the  chemist 
voald  call  "a  mere  trace."  Their  existence  appears  to  be  determined 
by  the  great  excess  of  unaltered  haloid  with  which  they  are  oombioed. 
Were  I  to  give  free  rein  to  the  imaginatioD  I  might  set  np  the  hypothesis 
that  the  element  silver  is  really  a  compound  Ixidy  invariably  containing 
1  minnte  percentage  of  some  other  elemeut  which  resembles  the  oom- 
poond  which  we  now  call  silver  in  all  its  chemical  reactions,  but  alone 
is  §enBitive  to  light.  I  offer  this  soggestioj  for  the  coosideratioa  of  the 
specolative  ohemist.*  For  the  colored  product  as  a  whole,  i. «.,  the 
ptodoct  of  photo-decomposition  with  its  combined  unchanged  haloid, 
Caiey  Lea  hae  proposed  the  convenient  term  "  photo-salt."  It  will  avoid 
cireamlocutioD  if  we  adopt  this  name.  The  photo-salts  have  been 
thooght  at  varioas  times  to  contain  metallic  silver,  allotropic  silver,  a 
sub-haloid,  sach  as  argeDtous  chloride,  etc.,  or  an  oxy-balotd.  The  free- 
metal  theory  is  dispoeed  of  by  the  fact  that  silver  chloride  darkens 
nnderoitric  acid  of  sufficient  strength  to  dissolve  the  metal  freely.  The 
Kid  certainly  retards  the  formatioo  of  the  photo-salt,  but  does  not  pre- 
heat it  altogether.  When  ouoe  formed  the  photo-chloride  is  but  slowly 
sttaeked  by  boiling  dilute  nitric  acid,  and  from  the  dry  photo-salt 
neranry  extracts  no  silver.  The  assumption  of  the  existence  of  an 
aUotropio  form  of  silver  insoluble  iu  nitric  acid  can  not  be  seriously 
inaiDtAiaed.  The  sub-haloid  theory  of  the  product  may  be  true,  but  it 
W  not  yet  been  established  with  that  precision  which  the  chemint  has 
*  right  to  demand.  We  must  have  analyses  giving  not  only  the  per- 
centage of  h^ogen,  but  also  the  percentage  of  silver,  in  order  that  it 
nay  be  asoertaiued  whether  the  photo-salt  contains  anytbiug  besides 
■utal  and  halogen.  The  same  may  be  said  of  the  oxy-haloid  theory; 
it  nay  be  trae,  bat  It  has  not  been  demonstrated. 
The  oxy-haloid  theory  was  first  suggested  by  Robert  Huntf  for  the 


'  t  bare  gone  »a  Tar  aa  to  test  this  idea  ei  peri  men  tally  id  a  preliminary  way,  the 
Rnlt  being,  ae  might  have  bena  anticipated,  negative.  Silver  chloride,  well  dark- 
M>«9  by  long  ezpnaare,  was  extracted  with  a  hot  satDrated  solntlon  of  potaBsinm 
^Uoride,  aod  the  diesolved  portion,  after  precipitation  hy  wat<T,  compared  with  the 
M^inarj  ehloride  by  exposare  to  light.  Nut  the  tilightedt  dilT«renoe  was  observable 
Atbetio  the  rstu  of  coloration  or  in  the  oolor^  of  the  prodncte.  Perhaps  it  may  be 
UvHight  worth  while  to  repeat  the  experiment,  using  u  inetbod  analogous  to  the 
"nsthod  of  fractionation  "of  Crookea. 

t  "Bfaeanheson  Light,"  tid  ed.,  1854,  p.  80. 
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cbloride;  it  was  taken  ap  by  Sahler,  and  has  recently  been  reriTcd  b; 
Dr.  W.  R.  Hodgkinson.  Ic  has  been  thought  that  this  tbeorj-  is  dis- 
posed of  by  the  fact  that  the  chloride  darkens  ander  liqaids,  Boch  aa 
hydro  oarbone,  which  are  free  from  oxygen.  I  bare  been  repeatiDg 
some  of  these  ezperimenta  with  various  liquids,  using  every  possible 
precaution  to  exclude  oxygen  and  inoistare;  dry  silver  chloride  heated 
to  incipient  fusion  has  been  sealed  up  in  tnbes  in  dry  benzene,  pebdeoa, 
and  carbon  tetracblonde,  and  exposed  since  March,  [Tubes  ritown.] 
Id  all  cases  the  chloride  has  darkened.  The  salt  darkens  moreover  in 
a  Crookesian  vacuum.*  By  these  experimeuts  the  oxy-ohloride  theory 
may  be  scotched,  bat  it  is  not  yet  killed;  the  question  now  piesenti 
itself,  whether  the  composition  of  the  photo-salt  may  not  vary  aooording 
to  the  medium  in  which  it  is  generated.  Analogy  sanctions  the  sup- 
position that  when  the  haloid  darkens  under  water  or  other  oxyg«i- 
contaitting  liquid,  or  even  in  contact  with  moist  or  dry  air,  that  an 
oxychloride  may  be  formed  and  enter  into  the  composition  of  the  photo- 
salt.  The  analogy  itt  supplied  by  the  corresponding  Rait  of  copper,  via, 
cuprous  chloride,  which  darkens  rapidly  oa  exposure.  [Design  printed 
on  flat  cell  filled  with  cuprous  chloride  by  exposure  to  electric  light] 
WShler  conjectured  that  thedarkenetl  product  was  an  oxychloride,  aod 
this  view  receives  a  cercain  amonnt  of  indirect  support  from  them 
tnbei?  [sbownj,  in  which  dry  cnprous  chloride  has  been  sealed  up  ia 
benzene  and  carbon  tetrachloride  since  March ;  and  althongh  exposed 
in  a  southern  window  during  the  whole  of  that  time  the  salt  is  as  white 
as  when  first  prepared.  Some  cnprous  chloride  sealed  up  in  water  and 
exposed  for  the  same  time  is  now  almost  black.    [Shown.] 

When  silver  ia  preoipitat«d  by  reduction  in  a  finely  divided  state  in 
the  presence  of  the  haloid,  and  the  product  treated  with  acids,  the  ex- 
cess of  silver  Is  removed  and  colored  products  are  left  which  are  some- 
wh»t  analogous  to  the  photo-salts  proper.  The^e  colored  haloids  are 
also  terme<l  by  Carey  Lea  pboto-salts  because  they  present  many  anal- 
ogies with  the  colored  products  of  photo-chemical  change.  Whether 
they  are  identical  in  composition  it  is  not  yet  possible  to  deoide,  as  we 
have  no  complete  aualyses.  The  first  observations  in  tbisdireotion  were  i 
published  wore  than  30  years  ago  in  a  report  by  a  British  AssociatiM  ' 
Committee,f  in  whicb  the  red  and  chocolate-colored  chlorides  are  dia- 


*  Some  dr;  silver  cblorldo  wbich  Mr.  Crookes  has  been  good  enough  to  aeal  npTor 
me  ia  a  hiffh  vaciiDni  darkens  on  eipo.iiire  quite  as  rapidly  a«  tbe  dry  salt  in  »ir.  It 
soon  regains  its  original  color  when  kept  iu  the  dark.  It  behaves,  in  fact,  jnst  astli* 
chloride  is  known  to  behave  when  sealed  np  in  chlorine,  althongh  its  color  it  of 
oonrae  mnoh  more  intense  after  exposure  than  is  the  caae  with  the  chloride  in  cUoriDB. 

t  These  results  were  arrived  at  in  three  ways.  In  one  ease  hydrogen  was  pund 
throngh  silver  citrate  suspended  in  hot  watur,  and  the  product  extracted  with  citna 
acid.  "The  result  of  treating  tbe  residue  with  ohloro  hrydic  acid,  and  then  dioealTi^ 
the  silver  by  dilute  nitric  acid,  wns  a  rose-tinted  chloride  of  silver."  In  anotbcaci- 
periment  the  dry  citrate  was  heated  in  a  stream  of  hydrogen  at  219P  F.,  and  the  pro- 
dnet,  which  was  partly  salable  in  water,  gave  a  brown  residae,  which  foroiabed  "• 
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tioetly  deacribed.  Carey  Lea  has  since  contribnted  Inrgely  to  oar 
liDOvledge  of  tbese  colored  haloids,  and  hns  made  it  apiiear  at  lenst 
highly  probable  that  they  are  related  to  tbe  products  formed  by  the 
action  of  light.  [Bed  photo-obloride  aud  purple  photo-bromido  and 
iodide  sho  WD.] 

lie  pbotographio  image  is  impressed  on  n  modem  film  iu  an  inap- 
preciable fraction  of  a  second,  whereas  tbe  photo-salt  reqatres  an  ap- 
preciable time  for  its  production.  The  image  is  invisible  simply  be- 
caase  of  tbe  extremely  minute  quantity  of  haloid  decomposed.  In  tbe 
present;  atate  of  knowledge  It  can  not  be  asserted  that  the  material  con- 
poaing  this  image  is  identical  in  composition  with  the  photo-salt,  for  we 
kootr  the  composition  of  neither  the  one  nor  the  other.  But  they  are 
SD&Iogoas  in  so  far  as  they  are  both  the  result  of  photoobemical  de- 
compositiou,  and  there  is  great  probability  that  tliey  are  closely  related, 
if  Dotidentical,  cberaiitally.  Itmay  tarnont  that  tbereare  varioas  kinds 
of  iamible  images,  according  to  the  vehicle  or  halogen  absorbent — in 
other  words,  according  to  the  sensitizer  with  which  the  silver  baloid  ia 
associated.  The  invisible  image  is  revealed  by  the  action  of  tho  de- 
veloper, into  tbe  fnnction  of  which  I  do  not  propose  to  enter.  It  will 
safflce  to  say  that  tbe  final  result  of  the  developing  solatiou  is  to  mag- 
aify  the  deposit  of  photo  salt  by  accum  ulating  metallic  silver  thereon  by 
ueretion  or  redaction.  Owing  to  tbe  circomstanco  that  tbe  image  is 
impressed  with  soch  remarkable  rapidity,  and  that  it  is  invisible  when 
lonDed,  it  has  been  maintained,  and  is  still  held  by  many,  that  the  first 
tetioa  of  light  on  the  film  is  molecalar  or  physical,  and  not  chemical. 
The  arguments  in  fovor  of  tbe  chemical  theory  appear  to  me  to  be  tol- 
vsbly  conclnsive,  and  I  will  venture  to  snbmit  a  few  of  them. 

The  action  of  reagents  upon  tbe  photographic  film  is  quite  similar 
to  the  action  of  the  same  reagents  upon  the  silver  haloids  when  ex- 
posed to  the  point  of  Tisible  coloration.  Bedaolog  agents  and  halogen 
■bsorbenta  increase  tbe  sensitiveness  of  tbe  film:  oxidizing  and  halo- 
f^nizing  agents  destroy  its  sensitiveness.  It  is  dit&calt  to  see  on  the 
pbysical  theory  why  it  shoald  not  be  possible  to  impress  an  image  on 
afllm,  say  of  pure  silver  bromide,  as  readily  as  on  a  film  of  tbe  same 
kahrid  imbedded  in  gelatine.  Everyone  knows  that  this  can  not  be 
doae.  I  have  myself  been  surprised  at  tbe  extreme  insunsitiveness  of 
Umeof  pare  bromide  prepared  by  exposing  films  of  silver  deposited 
n  glass  to  the  action  of  bromine  vapor.    On  the  chemical  theory  we 

*BTp«1ered  body  oa  beiog  traDsformed  by  ohlorhydio  ftndnitrioacida."  lo&oothi'r 
Rpcriment  ■Uver  araenite  ytaa  formed,  Ibis  being  treated  with  caustic  soda,  and  tbe 
MKkprecipitAtetbeD  treated  aucceuively  iriLhcblorhydlc  aod  nitric  acida:  "  Silver 
tiihaotved,  and  tliere  is  left  a  mibstance  ...  [of]  a  rich  chocolate  or  maroon, 
■k-"  This  on  ftnalfsis  was  foand  to  contain  34  per  cent,  of  chlorin",  the  normal 
<UMide  teq airing  34.74  and  the  subcbloride  14.08  per  cent.  The  committee  vhtjih 
mdoctad  tboae  erperiments  consisted  of  Uomts.  Uwkolyne,  Hadow,  Hacdwick, 
«Bd  Llewelyn.     B.  A.  Rep.,  1S59,  p.  103. 
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know  tbat  gelatine  is  a  splendid  seoBiiizer — t.  e.,  bromiae  abBotboit 
There  is  itiiotber  proof  whicU  Iiaa  beeu  iu  our  haads  for  uearly  30  yews 
but  I  do  not  tfaiok  it  has  been  viewed  iu  this  light  before.  It  has  been 
showu  by  Oarey  Lea,  Eder,  and  eapeoiaUy  by  Abney,  who  has  inveati- 
gated  the  matter  most  thoroughly,  that  a  shearing  stress  applied  me- 
chanically to  a  Beasitive  film  leaves  an  impression  whtoh  caa  be  deveU 
oped  in  jnst  the  same  way  as  though  it  had  been  produced  by  the 
action  of  light.  [Pressure  marks  on  Eastman  bromide  paper  developed 
by  ferrous  oxalate.]  Kow  that  result  can  not  be  produced  ouasurtee 
of  the  pure  haloid ;  some  halogen  absorbent,  such  as  gelatine,  moat  be 
aasooiati'd  with  the  haloid.  We  aie  concerned  here  with  a  chemical 
change  of  that  class  so  ably  iuvestigated  by  Professor  Spring,  of  Li6ge, 
who  bas  shown  tbat  by  mere  mechanical  pressure  it  is  possible  to  bring 
about  chemical  reaction  betwi^en  mixtures  of  finely  divided  solids.* 
Then  agniu,  mild  reducing  agents,  too  feeble  to  reduce  the  silver  hal- 
oids directly  to  the  metallic  state,  such  as  alkaline  bypopfaoaphites,  glu- 
cose or  lactose  and  alkali,  etc.,  form  invisible  images  whioh  can  be  d»- 
velopcd  in  precisely  the  same  way  as  the  pholographie  image.  All 
this  looks  like  chemical  change,  and  not  physical  modification  pore  and 
simple. 

I  have  in  this  discourse  stoically  resisted  the  tempting  opportanittee 
for  pictorial  display  which  the  subject  affords.  Hy  aim  bas  been  to  snm- 
marize  the  position  iu  which  we  find  ourselves  with  respect  to  the  in- 
visible image  after  fifty  years'  practice  of  the  art.  This  image  is,  I 
venture  to  think,  the  property  of  the  chemist,  and  by  him  mustthe 
scientific  foundation  of  photography  be  laid.  We  may  not  be  able  to 
give  the  formula  of  the  photo-salt,  bnt  if  the  solution  of  the  problem  has 
hitherto  eluded  our  graBp  itis  because  of  the  intrinsic  difBcnIties  of  the 
investigation.  Thn  pbotngrapbic  image  brings  us  t»ob  to  face — not 
with  an  ordinary,  but  with  an  extraordinary  class  of  chemical  cbanges 
due  entirely  to  the  peculiar  character  of  the  silver  salta.  The  material 
com  posing  the  image  is  not  of  that  definite  nature  with  whioh  modem 
chemical  methods  are  in  the  habit  of  dealing.  The  stability  of  the 
photosalt  is  determined  by  some  kind  of  combination  between  the  snb- 
haloid  or  oxy-haloid,  or  whatever  it  may  be,  tuid  the  excess  of  nnaltered 
haloid  which  enters  into  its  composition.  The  formation  of  the  colored 
product  presents  certain  analogies  with  the  formation  of  a  aatarated 
solution;  the  product  of  photochemical  decomposition  is  formed  andec 
the  influence  of  light  up  to  a  certain  percentageof  the  whole  photo-salt, 
beyond  which  it  can  not  be  increased, — in  other  words,  the  silver  haloid 
is  saturated  by  a  very  minute  peroentage  of  its  own  product  of  photo- 
decomposition.    The  photo-salt  belongs  to  a  domain  of  chemistry — a 


*Tlie  cODDectioD  between  the  two  phenomeaa  waa  Haggeated  during  b  coone  < 
leotnrea  delivered  by  me  two  y eain  ago  ("  Chemistry  at  PhotogrApbj,"  p.  191). 
have  gioceloarDt  tbat  the  same  conolasiou  hftd  been  arrived.at  indepeodenUT  by  Mr, 
C.  U.  Bottamley,  of  the  Yorkahire  College,  Leeds. 


Dg.l.zedl!,GOOglc 


THE  PHOTOOBAPHIO  IMAGE.  387 

man's  land — peopled  by  so-called  "  molecnlar  compooods,"  into  vbicti 
the  pore  chemist  ventares  bat  timidly.  Bat  these  compooods  are 
more  and  more  orging  their  claima  for  coDsideration,  and  sooner  or 
Uterthey  will  hare  to  be  reckoned  with,  even  if  they  lack  thatdeflnite- 
ness  which  the  modem  chemist  regards  as  the  essential  criterioD  of 
ebemieal  individuality.  The  inTestigation  may  lead  to  the  recognition 
of  a  new  order  of  chemical  attraotioo,  or  of  the  old  ohemical  attraction 
la  a  different  degree.  The  chemist  who  diaooaraes  here  upon  this  sub- 
ject at  the  end  of  the  half  ceotory  of  pho^grapby  into  which  we  bare 
now  entered  will  do  doubt  know  more  about  this  aspect  of  chemical 
affinity;  and  if  I  may  invoke  the  spirit  of  prophecy  in  concluding,  I 
should  say  that  a  study  of  the  photographic  film  with  its  invisible  image 
will  have  contributed  materially  to  its  advancement 
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A  short  time  ago  botanic  gardens  vere  arraigned  by  the  rector  of 
one  of  tbe  largest  aniversities  of  Enrope  iti  a  serioas  disconrse.  The 
orator,  a  celebrated  phyto-pbystologlst,  complained  tbat  these  gardens 
so  longer  keep  pace  with  the  botanical  science  of  the  day.  In  the 
middle  ages  and  until  the  middle  of  the  sixteenth  century  botanic  gar- 
dens were  collections  of  officinal  plants.  Since  tbat  period  they  have 
become  trnly  scientific  institutions.  Abandoning  pure  specnlation, 
attention  was  given  to  liviug  things  themselveg,  particnlarly  to  plants. 
Patrons  and  scientists  combined  their  efforts  to  bring  from  the  most 
distant  countries  rare  or  anknown  specimens.  In  the  gardens,  depos. 
itories  of  this  wealth,  tbe  difficnit  task  was  attempted  of  presenting, 
on  a  reduced  scale,  the  entire  vegetable  world,  and  of  bringing  together 
*  (as  far  as  possible),  all  existiug  vascular  plants.  In  spite  of  the  con- 
stantly increasing  number  of  plants  introduced  into  Europe,  this  gen- 
eral plan  was  fur  a  long  time  followed,  and  not  until  the  beginning  of 
the  present  century,  was  it  felt  tbat  tbe  method  must  be  changed.  In 
the  first  place  it  should  have  been  recognized  that  it  was  impossible  to 
collect  in  a  single  garden,  however  large  and  well  managed,  anything 
like  the  enormons  number  of  vascular  plants  distributed  on  our  globe. 
Besides,  (and  this  is  a  more  serious  argument,)  the  conditions  offered  to 
introduce  plants  in  gardens  are  so  far  from  natural,  tbat  exotic  culti- 
vated plants  can  not  be  considered  as  furnishing  a  proper  basis  of  com- 
parison in  scientific  researches,  as  these  are  at  present  understood. 
Too  many  plants  io  conditions  too  abnormal  is  briefly  the  criticism 
made  by  the  orator. 

Them  institations,  attacked  from  so  high  a  place,  have  not  failed  of 
defenders.  While  recognizing  that  part  of  the  criticism  is  well  founded, 
it  is  arged  thai  if  tbe  object  in  view  was  varied  somewhat  by  insisting 
— more  than  has  heretofore  been  done — upon  the  adoption  of  a  common 
plan,  the  botanic  gardens  of  Europe  would  easily  avoid  the  dangers 
with  which  they  are  meoaeed.  It  ia  not  necessary  tbat  we  take  any 
part  ID  this  controversy,  for  tbe  objections— whether  well-fonnded  or 
not — do  not  apply  to  botanic  gardens  of  the  tropics,  as  we  will  endeavor 
to  show  in  the  following  pages. 

*  TrauHlaUd  from  tbe  Btvut  de»  Dcnx  Hondeg.    JAQUftry  1,  1890,  vol.  xcvil,  pp. 
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The  DDinber  of  botanic  gardens  Bitaated  in  the  tropical  zone  is  much 
greater  thau  migbt  be  supposed.  According  to  a  recent  enDmeratku 
there  are  not  lesa  than  fifteen  in  the  British  possessioas.  Id  theFrendi 
colonies  they  are  found  at  St.  Deuis  in  Bennion  Island,  at  La  Pwit-i- 
Pitre  in  Gnadeloape  Mand,  at  St.  Pierre  in  STsttiniqae,  at  Pondioheny, 
and  at  Saigon.  Spain  baa  one  at  Havana,  and  one  at  Manila;  andHd> 
land  has  a  singleone  at  Bnitenzorg  in  the  island  of  Java.  There  are  ateci 
tropical  botanic  gardens  in  Sontii  America,  and  these  bring  the  total 
number  to  a  considerable  figure.  Still  it  must  be  admitted  that  bodm 
are  not  botanic  gardens  properly  so-called,  bnt  rather  agricaltand  sta- 
tions and  gardens  of  acclimation.  There  are  others  however,  that 
while  not  abandoning  tropical  agriculture,  merit  the  names  of  great 
scientific  establishmeuts.  Aa  the  chief  of  this  kind,  those  of  Oakmtbi, 
of  Bnitenzorg  in  Java,  and  of  Peradenif  a  id  OeylOD  (in  ohronologieal 
order)  should  be  cited. 

The  royal  garden  of  Calcutta  was  fonnded  in  1786  by  OoL  Robert 
Hyde,  who  was  its  flrat  director.  Among  his  saooessors  are  found  the 
celebrated  names  of  Wallicb  and  Orifflth,  the  greatest  naturalist  of 
our  century  in  the  extreme  East  The  garden  of  Oalcntta  has  bo* 
been  for  several  years  under  the  wise  and  able  direotion  of  Dr.  Q.  Kin;, 
to  whose  care  the  herlrarinm  of  Oalcntta  owes  its  great  reputation. 
The  royal  garden  of  Peradeniya  in  the  Island  of  Ceylon  was  fonnded  in 
1821.  Situated  near  Eundy ,  at  an  altitude  of  nearly  500  metres  [1,600  ' 
feet],  having  a  moist  and  hot  climate,  oocnpyiog  more  than  60  beetam 
[IWacresJ,  and  connected  as  it  is  with  the  post  of  Colombo  bjsiailvay, 
the  garden  of  Peradeniya  possesses  conditions  most  fovorable  in  every 
respect.  For  many  years  it  was  under  the  direction  of  Dr.  ThwMtes, 
a  man  of  real  merit,  bnt  who  thought  a  botanic  garden  in  a  tropieal 
country  should  be  in  some  manner  a  redaoed  copy  of  the  virgin  foreet 
This  system,  more  original  than  meritorious,  excludes  any  methodical 
arrangement  of  plant«  and  necessarily  restricts  the  number  of  aped- 
raens.  Dr.  H,  Trimen,  the  successor  of  Dr.  Thwaites,  aa  soon  as  he 
arrived  in  Ceylon,  9  years  ago,  realized  Che  disadvantages  of  the  pita 
of  his  predecessor.  To  distribute  over  au  area  of  CO  hentarea,  without 
any  order,  a  great  number  of  plants,  for  the  most  part  not  It^ielled, 
was  to  fatally  embarrass  the  scieutiflc  use  of  the  rich  oolleetrionit  tbafc 
hod  been  brought  together.  So  Dr.  Trimen  did  not  hesitate  to  adopt 
a  new  arraugement  of  plante  according  to  the  natural' system  and  to 
label  them  as  far  as  it  was  possible  to  do  so.  With  branch  e^ablisb- 
ments  upon  the  plain  and  upon  the  mountain,  the  garden  of  Peradoiiya 
lias  before  it  a  brilliant  future.  The  third  of  the  gardens  meotioBed, 
that  of  Buitencorg  in  the  island  of  Java,  wm  founded  in  1817.  We 
will  briefly  relate  its  history  and  show  by  a  study  of  its  preseuC  <»gaa- 
ization  that  a  new  era  is  commencing  for  large  tropienl  gardens,  and 
that  their  in6neuce  will  constantly  increase  in  the  ftitare  evoIatfoD  at 
the  science  of  plants. 
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On  tbe  29th  of  October,  1816,  a  sqaadron  qaittitig  the  roadstead  of 
Texel  in  tbe  north  of  Hollaod  set  sail  for  tbe  East  ludies.  Tbe  passen- 
gers (for  they  carried  them  upon  these  ships  of  war),  mast  have  rejoiced 
[bat  tbey  bad  left  tbe  storms  and  fogs  of  tbe  North  Sea  for  the  sonny 
coaats  of  Malaysia.  The  squadr-m  took  to  Java  the  commissioners- 
geaeral  to  whom  the  sovereign  of  Holland  had  committed  the  task 
of  assaming  in  his  name  tbe  government  of  the  Dutch  East  Indies. 
Beiae  a  man  of  broad  views,  the  new  king  liad  attached  to  the  com- 
missioii  a  distingnished  natnralist,  Beinwardt,  professor  in  the  Athe- 
□eam  of  AmBterdam,  in  order  that  the  study  of  the  marvellous  natural 
prodQCts  which  constitute  the  wealth  of  the  Dutch  possessions  in  tbe 
Boaih  of  Asia  tnigbt  be  settled  upon  a  solid  basis. 

Tbe  sqaadron  did  not  enter  the  straits  of  Sunda  nutil  the  last  of 
April  in  tbe  following  year.  The  high  functionaries,  sailing  after  a 
long  voyage  between  charming  islets,  set  like  emeralds  in  thin  silver 
fillets  of  breakers,  bri'athing  tbe  faint  odors  from  tbe  neighboring 
coasts,  most  at  last  land  and  take  up  their  task.  The  future  indeed 
reserved  for  them  many  disappointments,  and  it  was  only  after  long  and 
tediooa  diplomatic  mancBovers  that  the  English  authorities,  on  the  19th 
of  Angost,  1S16,  decided  to  tnro  over  to  the  plenipotentiaries  of  the  king 
of  Holland  tbe  rate  of  the  Dntch  Indies.  Baron  Tan  der  Capellcn 
tb«  commissioner  who  was  to  perform  the  functions  of  governor-general 
shortly  installed  himself  at  Buitenzorg,  taking  Beinwardt  with  him. 

Baitenzorg,  the  residence  of  tbe  viceroy  of  tbe  Dutch  Indies,  is 
situated  58  kilometres  [36  miles]  from  Batavfa,  in  106^  53'  5"  east 
loDgitnde  and  6°  35'  8"  south  latitude,  npon  one  of  tbe  long  ridges 
that  extend  to  the  north  of  the  great  mountain  of  Salak.  An  enchant- 
ing site,  possessiug  a  beautiful  and  healthful  climate,  it  is  not  surpris- 
ing that  the  goveruors-general  established  themselves  there  instead  of 
atBatavia,  however  large  and  beautiful  that  "city  of  villas"  might  be. 
This  preference,  accorded  to  Buitenzorg  by  the  representatives  of  the 
Uug,  was  tbe  cause  of  tbe  creation  of  a  botanical  estabtishment  at  that 
point  In  fact,  upon  tbe  request  of  Eteiuwardt,  the  commissioners- 
general  decided — byadecreeof  April  15, 1817 — to  foundabotanic  garden 
at  Buitenzorg  upon  an  uncultivated  territory  belonging  to  tbe  domain 
aod  ceded  by  Baron  Van  der  Capellen.  Ou  this  territory,  contiguous 
to  the  park  and  to  the  palace  garden,  work  was  commenced  on  the  15th 
of  Hay  by  some  fifty  native  workmen,  under  the  direction  of  two  chief 
gardeners,  one  of  whom,  broaght  oat  by  fieinwardt,  had  been  employed 
in  the  same  capacity  in  Holland,  while  the  other  was  a  pupil  of  the 
royal  garden  of  Kew.  It  would  have  been  difficult  to  find  in  the  whole 
island  of  Java  a  place  more  appropriate  for  a  garden  of  this  kind,  for 
owii^  to  certain  eonditions,  Bniteuzorg  unites  to  other  advantages 
that  of  having  no  dry  season,  properly  speaking.    It  is  evident  that 
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ouly  a  small  number  of  plants  could  eodore  a  period  of  almoat  OOB- 
tiuuous  drought  for  4  or  6  months,  such  as  is  habitual  to  the  eait 
of  Java.  Even  the  climate  of  Batavia,  where  2  or  3  inooChs  withoat 
heavy  rains  are  not  rare,  vould  be  less  suitable  for  a  botasic  garden 
than  Buitenzorg,  vbere  they  complun  if  in  the  middle  of  the  dry  sea- 
sou,  rain  is  absent  for  3  cooseciitive  weeks.  These  frequent  and 
heavy  rains  are  doubly  advantageous  for  the  garden ;  Buitenzorg  own 
to  them  its  ever  luxuriaut  vegetation  (never  ceasing,  as  one  may  say), 
and  they  cause  a  lowering  of  the  mean  temperature  which  makes  it 
possible  to  cultivate  many  plants  from  the  virgin  forestit  of  the  monn- 
tains,  although  the  altitude  of  Buitenzorg  is  only  280  metres  [P00reet|. 
In  order  to  give  au  idea  of  the  mass  of  water  which  is  ordinarily  shed 
upon  the  **Sans  Souci"  of  Java,*  it  will  be  sufficient  to  say  that  at 
Baitensorg  there  falls  a  mean  quantity  of  4,000  millimetres  1 180  iDcbee] 
of  rain  per  year,  while  in  Uollaud,  one  of  the  most  rainy  countries  of 
Europe,  there  falls  per  year  but  660  mitlimetres  [26  inches].  No  set 
tied  plan  was  at  first  adopted,  and  the  archives  contain  uo  Judication  of  i 
any  kind  relative  to  the  earliest  management  of  the  garden.  We  , 
merely  know  that  its  founder,  Beiuwardt,  took  advantage  of  maoy  i 
voyages  made  by  htm  to  send  plants  to  Buitenzorg.  Yet  the  firstcata- 
loguo  of  the  "  Botanic  Garden  of  the  State,"  the  name  officially  adopted, 
published  some  mouths  after  the  departure  of  Beiuwardt,  enumerattt 
only  912  species  of  plants.  Beiuwardt  returned  to  Europe  in  June, 
1822,  to  occupy  a  chair  in  the  University  of  Leyden.  Upon  his  reoom- 
mendation  the  Government  placed  at  the  head  of  the  garden  a  botanist 
of  exceptional  merit.  Dr.  C.  L.  Blume,  who  thus  liecame  the  first  director 
of  the  ''Horttu  Bogoriejui8,'*i  and  whose  scientific  renown  was  cradled 
in  the  garden  at  Buitenzorg.  Blunie  displayed  a  remarkable  activity 
as  director.  He  commenced  In  1825  the  publication  of  a  work  apon 
the  flora  of  Dutch  India;  with  a  feverish  activity  he  brought  out  dur- 
ing 1825  and  the  early  part  of  1826,  seventeen  parts,  describing  more 
than  1,200  new  species,  a  great  number  of  genera,  and  several  families 
of  plants  entirely  nukuown  up  to  that  time.  The  garden  profited 
directly  from  the  work  of  Blume,  because  the  collection  of  living  plants 
was  enriched  by  a  numerous  series  of  species  discovered  by  htm.  On 
the  other  hand,  Blume  succeeded  in  attaching  to  the  garden,  besides  a 
considerable  force  and  the  two  chief  gardeners,  a  third  European  gar- 
dener, and  a  draftsman.  In  short,  the  young  institution  came  out 
brilliautly  in  every  respect,  and  it  seemed  to  promise  a  remarkable 
future.  A  cruel  reverse  however  soou  proved  the  uncertainty  of  these 
favorable  prognostications.  Blume,  after  having  nearly  broken  down, 
had  to  return  to  Europe  in  1826,  to  re-establish  his  health.  Almost  at 
the  same  time  Baron  Van  der  Capellen  was  re-placed  by  the  Visoonat 

"  [The  litBcal  translatiou  oF  the  word  Buitoneorg  is  witlioiit  (beyond)  OAr«.} 
t  Horltti  Bagorieneiii,  tlio  soieuti&o  n&iOB  of  tlie  garden,  u  dorived  from  Ba)[or,  tb» 
native  name  of  Uulteuiorg. 
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da  Bqb  de  Oigigtiieo.  Tbo  former  bad  neglected  uotbing  to  stimDlate 
tbe  colony,  bat  in  doing  tbis,  grand  seigneur  tbat  be  was,  be  bad  no 
tboQgfat  of  cost.  So  Da  Bua  was  seut  oat  as  commiasioner-geDeralf 
iritb  SD  order  to  diminisb  the  expenses,  and  to  re-establisb  tbe  balance 
ofUie  colonial  budget  He  execnted  the  oiders  received,  and  the  ex- 
penses were  immediately  reduced,  bat  bow  many  useful  institutions 
werenesriy  or qaite suppressed!  The  botanic  garden  of  Buitenzorg 
fas  the  first  victim  of  the  new  measures.  It  was  nearly  wiped  out 
In  Aagast,  l)i26,  tbe  posts  of  director  and  draftsman  were  abolished  and 
but  one  European  gardener  was  left  By  a  decree  of  the  following  year 
tbe  special  appropriation  for  the  garden  was  discontinued,  and  it  was 
decided  that  thereafter  the  "Botanic  Garden  of  the  State"  should  be 
tept  up  by  a  part  of  the  sum  allowed  to  the  governors-general  for  the 
ffloiutenance  of  their  Park  of  Buitenzorg. 

Happily  there  are  providential  interventions,  tbanks  to  wbieli,  strug- 
gling institutions  resist  tbe  most  murderona  attacks.  Such  an  inter- 
Teotionoccars  when  there  arises  a  firm  and  persevering  man  who  is  able 
to  demonstrate  for  yet  another  -time,  that  will  triumphs  over  the  most 
(igorous  decrees  due  to  tbe  necessities  of  the  moment,  aud  destined  to 
disappear  with  the  circumstances  which  brought  them  forth.  Such  a 
man  arose  and  the  iuterveutiou  was  effected.  General  Count  van  den 
Bosch,  successor  to  the  Viscount  Bus  de  (lisignies,  who  landed  at  Ba- 
tavia  io  Janoary,  1830,  brought  with  bim  from  Holland  an  assistant 
gardener,  a  youug  man  who  had  occupied  an  inferior  position  in  a  coun- 
^  house  near  The  Hague.  Toward  the  end  of  the  year  the  only  chief 
gaidener  remaining  at  the  garden  fell  sick,  set  out  for  Europe,  and  died 
on  the  voyage.  Tbe  assistant  gardener  of  tbe  governor  general  was 
■elected  to  replace  him.  His  name  was  J.  E.  Teysmauu.  Half  a  ceu- 
iDTv  later  this  simple  gardener,  who  was  given  no  otber  instruction 
than  that  of  the  primary  schools,  received  a  testimonial  as  brilliant  as 
it  was  rare  of  the  esteem  he  bad  won  iu  the  scientific  world. 

Besides  diplomas  of  honor,  medals  struck  with  his  effigy,  felicitations 
from  all  parts  of  the  world,  there  was  gireu  bim  an  album,  iu  which 
more  than  a  liundred  botanists,  together  with  Darwin  and  DeOandolle, 
offered  bim  their  greetings,  aud  Ibis  album  had  inscribed  upon  it,  on  a 
lilate  of  gold,  the  following : 

"  Geitherrimo  inde/e»aoque,  J.-E.  Tessmann  cum  dimidittm  per  aaculum 
Ardtipelagi  indioi  tkesaarum  botanicum  exploravit,  mirantes  eoUega." 

To  have  attained  this  eminence  a  man  must  have  possessed  extraor- 
dinary qualities,  and  Teysmann  certainly  bad  them.  A  man  of  strong 
cbaracter  in  every  respect,  he  to  the  end  of  his  life  united  with  great 
energy  and  an  active  intelligence  the  ardent  desire  to  seize  any  occa- 
sion for  self-instruction,  for  extending  his  knowledge  of  his  specialty, 
and  particularly  for  enlarging  his  views. 

From  laSO  to  1837,  nothing  is  heard  of  either  the  Garden  of  Buiten- 
to^  or  of  the  chief  gardener.    Tbe  botanic  garden  existed  during  that 
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period  ooly  in  oame,  and  the  chief  offleer  oonsidered  that  the  firat  ten 
years  he  passed  io  Java  was  only  a  term  of  apprenticeahip.  Still  it 
was  during  that  period,  in  1837,  that  the  colonial  gorerDtnent  deoded 
OD  a  mensare  which  waa  finally  to  bring  abont  most  fortanate  conae- 
qnences. 

The  exeoatiTe  member  of  a  so-called  natnral  history  commission,  to 
whom  was  assigned  the  scientific  direction  of  Bnitenzorg,  waa  then 
Diard,  of  Fienoh  nationality,  and  it  was  he  who  warmly  nrged  npon  tiie 
governor  the  appointment  of  Mr.  Hasskarl,  who  bad  recently  landed  at 
Batavia  and  who  wished  a  position.  Diard  saoceeded  in  obtaining  a 
provisional  appointment  for  Hr.  Haaakarl,  first  as  gardener,  then  » 
botanist,  and  in  the  latter  capacity  he  was  charged  with  the  systenatk 
arrangement  of  the  plants  of  the  garden.  This  idea  of  Diard,  cuefoUj 
carried  out,  by  Mr.  Hasskarl,  contribntes  ninch  more  to  the  scientififl 
value  of  tlie  garden  than  does  the  great  nnmber  of  speca'es  coltinted 
Extensive  arborescent  groups,  composed  of  the  largest  plants,  wen 
thas  arranged  in  the  natural  order,  and  the  botanist  daring  the  in 
years  that  he  was  attached  to  tlie  garden  was  able  to  determine  a  bu^ 
number  of  species  and  to  compose  the  second  catalogue  of  tfte  gndea, 
published  in  1844,  embracing  over  3,000  plants,  among  which  ven' 
many  entirely  new. 

Diard  and  Mr.  Hasskarl  went  to  Europe  on  leave,  and  TeyBnano 
again  remained  alone  and  in  very  difficult  circnmstances,  for  altw  te 
departure  of  Diard  the  control  of  the  botanic  garden  passed  to  a  ' 
tary  man,  the  steward  of  the  governor  general's  palace.  Thlaexlmh 
dinary  arrangement  continued,  and  for  abont  30  years  soldiers  oet- 
trolled  the  Bortut  Bogoriensia.  Under  such  conditiona  a  new  period* 
decline,  if  not  of  complete  eclipse,  of  the  garden  would  have  been  i* 
evitable  had  it  not  been  for  the  presence  of  the  energetic  Teysmao* 
The  more  difficulties  he  encountered  the  more  he  displayed  his  n^ 
qualities  in  the  interests  of  the  institution  to  which  he  felt  himself  at 
tAobed  for  life.  Travelling  much  throughout  the  whole  arohipel^o.  In 
continually  sent  plants  and  seeds  to  the  Bniteneorg.  Upon  hie  i 
he  was  constantly  in  the  breach,  fighting  for  the  IntArests  of  his  gM 
den,  not  even  recoiling  fVom  conflicts  with  his  military  chief,  oobMI 
that  it  must  be  confessed  were  A'equent.  Tbe  result  of  this  lined 
condnct  was  that  in  1864,  with  the  aid  of  Binnendijk,  who  oame  to 
in  1850,  Teysmann  issued  the  third  catalogue  of  the  garden,  in  i 
the  number  of  species  under  permanent  culture  exceeded  8,000. 

Finally,  in  1868,  the  long  periods  of  vicissitudes  oame  to  a  ( 
The  garden  again  became  a  acientiflc  institution  of  the  st^e,  vittt 
special  director  and  appropriation,  and  entirely  independent  of 
stewards  of  the  palace,  with  whom  it  was  to  have,  hereafter,  < 
neighborly  relations.  This  return  to  the  primitive  organisation  waa 
to  tbe  influence  of  Teysmann,  who  himself  maintained  oontJunona  rdn 
tions  with  the  garden  by  numerous  consignments  of  seeds  and  [' 
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giAered  during  Tojages  to  the  remotest  parte  of  the  Dtttob  poeees- 
liom.  The  gOTWoment  appointed  as  director  Dr.  Sobeffer,  of  the  Uni- 
vHBttf  of  Utreoht,  a  pspil  of  Mignel,  ttie  aothor  of  the  Flora  of  the 
Diitdi  BMt  Indies.  The  new  director  began  bis  Bolentiflc  rewarobea 
« looD  as  he  was  inatalled  at  Java.  A  few  fears  later  he  obtained 
trm  tin  goTemment  a  sabsidy  for  the  pablioation  of  a  scitiitific  eolleo- 
tion  entitled  Annals  of  the  Botttnie  Qarden  at  BuUmsorg.  During  the 
idmittiBtratitHi  of  Dr.  Scii^er  two  otaaDges  of  great  importanoe  took 
plHe.  The  collectiona  beloagiog  to  the  serrice  of  tlie  Mines,  contained 
io  B  la^  mnseam  opposite  the  gardeo ,  were  transferred  to  Bataria, 
iBd  Hie  goreniment  gave  the  baildiog  to  the  botanic  garden  fw  Its 
htrbarimn,  its  oollections,  and  its  library.  A  aeoond,  not  lees  impor- 
tnt,  WW  the  foonding,  in  1876,  of  a  garden  and  school  of  agricaltore. 
Ibe  latter  has  since  been  abfudoned.  The  considerable  extension  giren 
to  the  garden  ongbt  to  have  Implied  an  increase  In  the  scientific  staff, 
Unfoftonately  this  was  not  anderstood,  and  Dr.  Hcfaeffer  remained 
ilKie  np  to  the  time  of  his  death,  which  took  place  in  1880,  when  he 
m  33  yean  old.  The  period  since  the  death  of  Dr.  Sobeffer  can  not 
ksaiA  to  belong  to  the  domain  of  history,  and  we  wiN  therefore  con- 
Mtoorselves  with  ea«ting  a  rapid  ^anee  over  the  present  organiza- 
tKmofthe  garden, 

Tbe  interest  attached  to  the  history  of  any  institotion  depends,  above 
ill,  upon  the  importance  and  extent  which  that  institution  presents  at 
he  time  when  it  is  considered.  The  reader  will  jndge  if  tiiat  is  the 
■K  with  the  establishment  of  which  we  are  writing. 
The  Btate  Botanic  Garden  at  B&itenzorg  comprises  three  different 
Mens.  There  is  first,  tbe  botanic  garden  proper,  in  the  center  of 
ke  city,  occopying  an  area  of  36  hectares  [S9  acres],  wedged  in  between 
ka  ptfk  of  the  governor-general,  a  little  river,  tbe  Tjiliwong,  and  the 
BBtal  road.  It  is  traversed  throoghont  its  width  by  a  large  and  Hue 
*CDqe  called  the  Avenae  of  the  Kanariee,  after  the  native  name  of 
ke  trtm  that  border  it,  beaatifnl  tranks  of  Oanarium  Cammime,  attain- 
■S  a  height  of  aboat  30  metres  [100  feet].  ITpon- this  avenae,  which 
"dera  a  great  i>ond  enlivened  by  a  pretty  island,  carriages  and  foot- 
HI  freely  pass.  Prom  it  roads  practicable  for  carriages,  tn  part  open 
ttiie  pnblic,  pass  in  all  directions  and  form  the  arteries  to  which  are 
Hached  a  perfect  maze  of  foot-patbs  of  diB^rent  sorts.  Plante  of  one 
ttily  are,  as  we  have  said,  found  together.  They  form  scattered 
nwp8,or  rattier  they  occupy  one  tfrmore  divisions  bonnded  by  the  paths, 
U  division  has  at  one  of  the  angles  a  list  of  the  genera  it  contains, 
h^  species  is  represented  by  two  specimens,  one  of  which  carries  a 
M  bearing  the  scientific  name,  the  native  name  if  there  is  one,  and 
Mly  stating  the  prodncte  of  the  plant.  In  consideration  of  the  great 
unber  of  climbing  plants  of  tropical  countries,  Teysmann  had  the 
Vpy  idea  of  patting  them  together  in  a  special  part  of  tbe  garden, 
tKn  Hiey  also  are  arranged  aeoording  to  their  natnral  aSoities. . 
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There  is  bere  offered  a  wide  field  for  intereatiDg  obserratidiiB.  Indod- 
log  herbaoeoua  plants,  the  total  immber  of  species  is  abont  9,000.  Ii 
the  middle  of  tbe  garden  there  is  a  range  of  nnrseries  where  yoaaf 
plants  are  cuttitrated,  parti;  under  shelters  that  protect  them  from  Ail 
heat  of  the  bod  or  fh>m  the  iojurioas  effeet  of  beating  laina.  Somi 
plants  require  special  oare,  notably  a  certain  number  of  ferns,  vam,] 
and  orchids.  These  are  placed  in  two  baildiogs  that  resemble  the  M 
bouses  of  Bnrope,  with  the  difference,  however,  that  at  Biutenzoig  ttf 
serve  to  keep  the  plants  cool  and  not  to  give  them  a  more  elevated  tt* 
pcrature.  Tbe  garden  has  its  own  carpenters  who  construct  bnildiafll 
of  this  sort ;  a  small  detail  which  will  give  an  idea  of  the  scale  BM 
which  everything  is  orgauized.  The  native  force  is  composed  of  tlM 
100 individuals,  among  whom  are  3  employes  baviug  special  ksowledi 
of  botany,  much  more  than  we  would  expect  to  find  among  Mid^ 
This  force  works  under  the  orders  of  a  chief  gardener  and  a  si 
ganleiier.  Tbe  garden  is  open  night  and  day,  an  arrangement  vhidV 
only  possible  in  the  East  where  they  are  not  yet  sufficiently  sdmM 
to  consider  that  property  is  robbery.  At  the  two  principal  eatnal 
there  are  gate-keei>era  but  no  gates. 

The  agricultural  garden,  the  second  division  of  tbe  Borbu  Bef* 
ensis,  is  situated  about  a  league  from  Che  center  of  Baitensorg  ai 
ers  not  less  than  70  hectares  [L73aoreBJ.  Thearrangementof  thepd 
and  the  distribution  of  tbe  plants  at  once  shows  that  tbe  umii' 
clnsively  practical.  Everything  is  regular,  the  roads  and  footpil 
intersecting  at  rightangles,  the  divisions  thus  formed  of  almost  nnili 
size,  the  plants  in  each  division  all  of  tbe  same  species  and  the  * 
ago.  While  in  the  scientific  division  each  species  is  represented  bf  I 
two  specimens  of  each  species,  here  there  are  a  hundred,  but  oolyl 
tivated  plauts  that  are  or  may  become  useful  to  agriculture  or  d 
uial  induatries ;  the  different  species  and  varieties  of  coffee,  of  ti 
sugar-cane,  of  rubber  and  gutta-percha  trees,  the  Eriftkroxjfh*  0 
which  ftiruishes  cocaine,  trees  which  produce  tannin  and  oils,  foa 
plauts,  etc.  A  si>eoial  part  of  the  garden  is  reserved  for  offidi 
plants.  There  is  a  gardener- in-chief  to  direct  the  work,  and  a  foM 
70  native  workmen. 

The  third  garden  is  found  at  a  considerable  distance  fh>m  Baiteod 
on  one  of  the  slopes  of  the  neighboring  volcano  of  Oede.  With  an  tf 
of30  hectarea|74acres],  atau  altitude  of  1,600  metres  [S,000 fee4 
possesses  a  climate  marvelously  adapted  for  tbe  onltivation  or  pU 
of  the  iudigeuous  mountain  flora,  as  well  as  those  of  Austnli^l 
Japan.  About  10  natives  work  there  under  tbe  orders  of  a  Eanpl 
gardener.  Tbe  three  gardens  which  together  constitute  the  ff*^ 
Botanic  Garden  at  Buiteuzorg  havea  total  area  of  nearly  140 hwl 
|34(i  acres].  m 

The  museum,  situated  opposite  the  botanic  garden  proper,  isa  bu 
ing  44  metres  long  [144  feet],  specially  constructed  for  the  porpool 
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ihichicianovappUttd,  altboagh  it  WHS  oriii^iDally  used  for  mtneralog- 
eal  ooliectiotis.  It  is  composed  of  a  ball  oocapying  the  body  of  the 
fincipal  story,  and  of  two  wings.  On  the  floor  of  the  hall  are  upright 
haeta  along  the  wall,  auU  glass  cases  in  the  center  containing  colleo- 
isDS  both  botanical  and  technical.  Part  of  the  exhibits  are  dried  and 
art  ue  preserred  in  spirits.  The  herbarium  ocoapies  the  gallery 
liuch  runs  around  the  entire  hall,  4  metres  above  the  floor.  The  dried 
luts  are  not,  as  in  Europe,  placed  in  portfolios,  but  in  tin  boxes  in 
tdn  ttiat  they  may  be  better  protected  against  ioBect^  and  moisture, 
hnegreateDemieaof  colleotionsia  tropical  countries.  As  a  matter  of 
DBree,  eorroBire  sublimate,  naphthaline  and  carbon  bisulphide  are  con- 
Idend  at  Baiteuzorg  as  important  allies  in  this  constant  flght  against 
IKCt&  The  number  of  tin  boxes  containing  the  herbarium  exceeds 
^.  Each  box  contains,  on  an  average,  100  specimens.  One  of  the 
tagBofthe  baildiug  is  set  apart  for  the  service  of  the  mnsenm,  adivi* 
liB  which  has  for  its  chief  the  a4inDct  director  of  the  garden  assisted 
I  a  naturalist.  The  other  wiug,  a  little  more  than  10  metres  long  and 
ivly  11  metres  wide,  is  nbolly  devoted  to  the  library,  which  contains 
ore  ttian  5,000  volumes.  This  is  a  considerable  nnmber  when  it  is 
MMmbered  that  it  is  a  special  botanical  library,  although  books  of 
Mral  natural  history  and  transactions  of  academies  of  sciences  such 
ithwe  of  Paris,  Berlin  and  Loudon,  are  not  wautiug.  In  the  matter 
'descriptive  botany  an  attempt  is  made  to  obtain,  besides  classical 
d  indispensable  works,  whatever  relates  to  the  flora  of  the  extreme 
Int  The  books  on  general  botany  are  supplemented  by  the  most 
Hat  treatises  and  publications  on  morphology,  anatomy,  physiolugy, 
i  vegetable  paleontology.  Bat  the  special  wealth  of  the  library  of 
•sarden  at  Buitenzorg  is  the  series,  generally  complete,  of  all  the 
PMi  and  botanical  reviews  of  the  first  rank  at  present  published  in 
iH,  French,  English,  and  Italian.  The  special  isolatiou  of  a  botan- 
lEarden  situated  at  equally  remote  distances  from  the  scientific  cen- 
iof  the  Old  and  the  New  World  makes  it  necessary  to  attend  care- 
^  to  the  maintenance  of  the  library,  keeping  it  well  up  to  the 
MiKee  of  science. 

(bere  are  three  laboratories,  and  there  will  soon  be  a  fourth,  for  in 
Mancewith  the  proposition  of  the  colonial  government  accepted 
ttemother  coantry,  the  force  in  the  garden  of  Buitenzorg  is  to  be 
>tuedby  twoaew  fanctionaries,  a  botanist  and  a  chemist,  whose 
k  it  will  be  to  famish  by  patient  and  careful  investigations  scientific 
^astothe  useful  plants  of  tropical  countries  and  their  coltnre.  The 
■atoiy  intended  for  the  chemist  is  not  yet  opened.  Bebind  the 
■Run  in  a  special  building  is  the  pharmacological  laboratory  where 
l^naacal  chemist  temporarily  attached  to  the  garden  carries  on 
tBtJ^tions  upon  alkaloids  and  other  curious  and  useful  substances 
te  tropical  plants  contain.  Considering  the  small  amount  of  exact 
wledge  that  we  have  ooncerning  these  substances  this  happy  inno.     , 
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vatioii  oau  not  bat  produce  results  of  great  praotioal  aHlit;  u  well  u 
of  great  scieiitifie  interest. 

Two  botanical  laboratorioa  are  placed  in  the  main  botutie  gacdeoi, 
behind  the  range  of  norseries.  Oneof  these,  a  large  hall  6  nwtmwidt 
and  20  long,  is  reserved  for  foreign  scientiiits  who  come  to  put  mm 
time  at  the  Hortua  Bogoriemiu  to  make  iave^gatioDe  and  tostndjthe 
troiHcal  flora  io  its  home.  This  laboratory  is  lighted  by  8v«  viadon 
at  each  of  which  there  is  a  work  table.  Closets  plaoed  against  Mia  c^ 
poaite  wall  contain  the  neoeesary  ateosils,  optical  and  other  appsnti^ 
flasks,  vaees,  etc.,  and  the  so-called  micro-^emical  reagents.  Beaidiiii 
there  is  a  small  fwllection  of  working  books  so  that  investigatus  dm^ 
not  hare  to  depend  upon  the  mala  library.  It  is  also  proposed  to  QmA 
itate  the  reaearohes  of  visitors,  by  placing  in  the  hall  a  herbariam  em 
eisting  entirely  of  speoimeus  of  plants  oaltivated  in  ttie  gardciH  so  M 
in  oases  of  donbt  the  rapid  itleutifloatien  of  any  eacik  plant  may  be  tuM 
without  having  reooorse  to  the  herbarium  of  the  mBBeam.  This  sgtai 
laboratory  berbarinm  is  at  present  only  began.  The  arat^gumAi 
the  hall  is  simple,  offering  at  onee  the  advantages  of  good  light  ■■ 
plenty  of  room.  Thislastpoint  is  an  essential  thing  in  hotooutan 
where  open  space  is  oeoessaiy,  especially  in  a  laboratory  tot  icsend 
Bven  at  Buiteneorg,  wheie  the  evenings,  nights,  and  nKsnii^  m 
fireah,  the  mean  temperature  in  the  middle  of  the  day  is  from  28°  toll 
C.  [&2°  to  8i°  F.].  There  are  even  days  during  the  dry  eeason  «M 
for  2  or  3  hoore  in  the  latter  part  of  the  day  the  meroury  nses  to  I 
O.  [880F.|.  ! 

The  second  botanical  laboratory,  about  100  paoee  distant,  bscM^ 
against  the  office  of  the  garden  and  ccmimnnioating  witii  it,  is  iwuMJ 
for  the  director  and  the  new  functionary,  the  botaoufe  who  is  uqnill 
from  Europe. 

The  fourth  latwratory,  that  of  agrioaltaral  chemistry  will  Bhoct)y1| 
establiehed  in  the  garden  of  agricalture.  In  the  ne«-  vicini^of  A 
botanical  laboratory  are  the  t^ces  and  a  small  photographic  sad  lii 
graphic  workshop  for  the  draftsman  photographer.  The  offices,  fonnri 
badly  arranged  in  two  small  rooms  of  the  moaenm,  have  just  bees  tM 
ferred  to  a  special  building,  given  up  for  that  nse  by  the  Goveiaaa 
a  new  proof  of  the  solicitude  the  government  of  the  Dntoh  Bast  lii 
and  of  the  mother  country  always  feels  for  the  Garden  of 

n. 

What  are  the  principles  of  the  orguiization  we  have  jost 
and  how  does  it  workT  What  are  the  advantages  peooliartoiM 
botanical  gardens  in  the  tropics,  and  why  ia  there  reason  to  aifl 
them  to  exercise  a  great  inflaenoe  over  the  future  developawl 
botany  T  fiefore  answering  these  qoeetions  uk  nnderstanding  wtaakl 
reached  on  an  easential  poiut;  thatistosay,tliedUfbi«atv*iyU'  ' 
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pare  aod  applied  science  is  studied  id  J£orope  on  the  one  band  and  in 
a  tropical  cuuutry  ou  tlie  otlier.  Wbea  among  European  peoples  sci- 
euee  took  the  marvellous  flight  which  characterizes  our  century,  a  differ- 
aUiatum  soon  commenue«I.  Purely  sdenti&c  slndit'S  and  investigations 
temaiQed  as  formerly  more  or  less  directly  attached  to  the  universities 
and  faculties,  in  a  word,  to  sniierior  iustructioa,  properly  so  called.  Bat 
at  the  same  time  the  remarkable  useful  applications  which  aocompaoied 
tbe  progress  of  science  necessitated  the  creation  of  apeoial  institntioDS, 
ptdyteobnic  schools,  technical  laboratories,  experimental  gardens,  agri- 
eoltaral  statious,  etc.  Both  of  these  sister  branches,  pure  and  ap|)lied 
uience,  equally  demanded  indefatigable  workers,  trained  in  method  and 
fifted  io  intelligence.  While  having  a  totally  difliereDt  object,  tbey 
lenaiu  in  relation  and  continual  coatuct.  Still  the  specialization  exists 
«ul  it  may  be  easily  foreseen  that  it  will  iucrease.  It  is  the  same  or 
.  vill  he  the  same  in  colonies  where  the  climatic  conditions  permit  the 
European  to  fix  his  uermaueot  habitation,  but  it  is  not  the  case  for 
Suropeaa  colonies  in  tropical  countries.  There  tbe  colonists  do  not 
tome  vitb  the  ioteution  of  remaining  permanently.  On  the  contrary, 
fnn  the  time  of  their  arrival  in  the  distant  country,  however  beautiful 
ud  fertile  it  may  be,  they  are  firmly  resolved  to  return  to  their  native 
lud.  Tbe  majority  of  them,  having  acquired  social  position  or  the 
withed-for  fortune,  hasten  to  return  home,  almost  certain  to  find  that 
tte  recollections  of  childhood  and  youth  are  deceptive,  and  that  tbe 
climate  and  social  organization  in  Europe  are  far  from  reaching  the 
ideal  which  they  had  formed  during  their  sojourn  at  the  antipodes. 

Becently  the  question  has  been  mnch  discussed  whether  Europeans 
<u  (bnnd  colonies  (in  tbe  strict  sense  of  the  word)  in  tropical  oonotries, 
Mide  tiiere  for  several  successive  generations,  and  raise  there  a  pure 
Wooded  race.  The  celebrated  Professor  Virchow  is  one  of  those  who 
deny  with  great  authority  and  energy  the  possibility  of  a  true  acclima- 
tion of  a  European  race  in  a  tropical  country.  If  a  naturalist  who  has 
dwelt  in  the  beantifbl  island  of  Java  for  some  years,  and  who  is  a  fervent 
■dmirer  of  it,  may  be  allowed  to  have  an  opinion  on  this  moot«d  ques- 
tion, I  most  avow  that  everything  goes  to  show  that  M.  Tircbow  is  right, 
■fiat  whatever  opinion  may  be  held  concerning  the  theoretical  possibility 
if  this  acclimation,  the  plain  fact  is  this,  that  in  tbe  Dutch  East  Indies, 
■Bd  u  far  as  I  know  in  other  tropical  cosntries  also  that  have  been 
niMler  Baropean  control  for  some  centuries,  the  pnre  raoe  has  not  sue- 
<«eded  in  becoming  acclimated. 

This  point  once  understood,  it  will  be  clearly  seen  why  (with  rare  ex- 
Kptions)  universities,  faculties  of  sciences,  and  simitar  institutions  have 
^iitberto  been  wanting  in  tropical  colonies.  Families  send  tbeir  sons  to 
Bntope  to  study  and  take  their  degrees.  The  teaching  body  of  the  uni- 
nnity,  with  its  laboratories,  its  libraries,  its  cabinets,  and  its  collections, 
dow  not  there  exist ;  and  yet  it  is  especially  in  a  tropical  colony  that 
**t«nal  iDtetests,  so  important  there,  ought  to  cause  great  valota  to  be 
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placeil  upon  apitlieil  soieace.  This  is  a  euatradictioD  at  once  apparent, 
aud  wbtcli  becomes  still  more  obvious  if  we  pass  from  the  general  cue 
to  tbe  special  one  of  botany,  wbich  is  of  the  first  importance,  b«caaM 
of  the  great  influence  it  haa  upon  tropical  agnoalture.  The  time  hu 
passed,  and  we  should  be  glad  of  it,  wiieu  the  high  price  of  colonial  prod- 
acts,  the  w4Dt  of  co-operation,  excessively  cheap  labor,  and  sometimes 
also  oppression  of  the  native  population,  mtvde  all  special  knowledge 
saperfluons  to  anyone  who  choae  to  take  the  chance  of  making  his  for- 
tane  in  agriculture.  We  are  already  far  from  the  period  when  the 
grossest  empiricism  was  usually  suCBcient,  permitting  the  acquirement 
of  wealth  bj  those  destitute  of  education  and  often  even  of  intelligence. 

To  insure  solid  results,  tropical  agriculture — no  lesstfaanthatof  tem- 
perate countries — demands  judgment  and  special  knowledge,  and  the 
need  is  felt  of  establishing  it  also  on  a  firm  scientific  basis.  It  has  it 
is  trne  been  said,  adopting  a  practical  view  of  the  very  narrowest  kind, 
that  the  contradiction  we  have  jast  pointed  out,  did  not  necessarily  exist, 
since  it  was  only  necessary  to  take  for  a  scientific  basis  the  results  of 
the  researches  of  European  scientists,  only  that  the  applicatiou  will  be 
somewhat  different  in  the  tropics.  This  is  a  very  grave  error,  especially 
since  it  relates  to  the  phenomena  of  life.  It  is  vain  for  us  to  compareu 
to  their  effects  upon  vegetation,  the  dry  season  with  winter,  and  the 
rainy  season  with  spring  and  summer.  The  forms  and  fbncticmB  in 
which  vegetable  life  manifests  itself  in  an  eqaatorial  country  are  quite 
different  from  those  in  the  temjwrate  zone.  The  essential  laws  wtauk 
rule  life  are  the  same,  but  the  manifestations  of  it  are  quite  different 
It  is  therefore  for  the  immediate  interest  of  tropical  colonies  to  pwseas 
scientific  establishments  for  the  study  of  life  in  its  forms  aad  in  Its 
functions.  As  institutions  of  this  kind  depending  upon  aoiversitiesor 
facalties  do  not  exist,  it  is  evident  that  botanic  gardens  established  by 
the  state  are  indispensable.  These  gardens  serve  a  double  purpose, 
scientific  and  practical,  bat  it  should  not  be  forgotten  that  it  is  in  scienee 
only  that  tbey  mast  have  their  root.  The  scientific  institatton  form* 
the  trnnk  on  which  the  branches  are  grafted.  If  the  trunk  is  hampered 
ever  so  little  in  its  growth  aud  loses  its  vigor,  the  branches  will  o 
tainly  suffer,  and  in  the  end  may  perish.  Thus  everything  which  toweis 
the  scientific  tone  of  a  tropical  botanic  gardeu  is  contrary  not  only  to 
the  advancement  of  science,  but  also  to  the  direct  interests  of  the  colony. 

It  is  ueccessary  to  iusiet  upon  this  truth  because  there  is  alwajfl 
among  agrioultnrists  a  tendency  to  confound  a  botanic  garden  witb  an 
agricultural  station  or  with  an  experimental  garden.  This  error  is  ex- 
cusable in  persons  who  not  understanding  the  festina  lenteof  soienee, 
are  continually  wishing  immediate  answers  to  questions  of  vegetable 
pathology  and  physiology  which  they  ask  in  the  interests  of  the  speciil 
calture  in  which  they  are  engaged.  This  want  of  patience  and  eompn- 
bension  of  the  modus  operandi  in  scientific  investigations  is  the  pnud- 
pal  reason  why  agricultural  stations  founded  by  agriculturists  them- 
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nlfesare  liable  oot  to  give  the  resales  expectetl  and  certainly  merited 
bf  (be  lapdable  efforts  of  those  who  established  them.    A  state  estab- 
lisbineiit  pnraaes  its  regular  devt^lopmeot  protecte<l  against  these  iin- 
palJeot  demands.    It  gradually  extends  its  sphere  of  action  for  the 
JDteresteof  all,  bat  without  allowing  the  variable  and  often  exaggerated 
eiigenciesoftbeniomenttodisturbit    The  first  dnty  of  the  functionaries 
plwed  bylbecoloaial  gOTernment  atthe  head  of  the  botanic  gardens 
is  to  combat  tba  lack  of  stability  and  coiitiunity,  the  scourge  of  every 
colony.    Itis  notoolythe  rightbattheduty  of  governments  todemand 
that  ibe  persons  to  whom  tbey  have  entrusted  these  posts  shall  not 
bave  VMfiable  and  narrow  views,  excusable  in  others,  but  never  in  a 
Dstaralist.    The  latter  has  bad  the  benefit  of  an  enlightened  scientific 
education,  and  there  is  expected  of  him  a  certain  breadth  of  view  which 
(boald  be  the  resalt  of  his  own  researches.    These  general  principles 
admitted,  let  us  see  bow  tbey  are  carried  ont  in  the  jmrttcHlar  case 
under  consideration.    The  government  of  the  Diitcb  East  Indies  author- 
izes Che  director  of  the  gardeu  at  Buiteozorg  to  distribute  grataitously 
seedaattd  ]»lant8of  aseful  vegetables.    Id  1383  there  was  sent  to  all 
INUls  of  the  archipelago  1,400  packages  of  seeds,  cnttiiigs,  and  young 
HedliDgs  of  oseful  plants.    It  is  by  means  of  tbe  ganlen  of  agricalture 
ibai  it  is  possible  to  gratify  so  many  demands.    But  this  garden  is  part 
ora'Soientific  organization  aud  would  not  work  well  if  alone.    The  fol- 
lowing examples  wilt  show  this:    When  the  remarkable  an^stheric 
qualities  of  cocaine  were  discovered,  it  was  only  necessary  to  go  to  the 
tvo  specimens  of  ErythrosyUm  coca  of  the  group  of  Erythroxylace^  in 
tbe  botauic  garden  proper.    Enough  seed  could  be  gathered  to  make  a 
little  plantation  in  the  garden  of  agriculture.     When,  a  year  after,  a 
Kieutist  urged  upon  the  colonial  secretary  at  The  Hague  that  the  in- 
trodnction  of  Erythroxylon  coca  should  be  attempted  at  Java,  the  Bui- 
teozorg authorities  were  able  to  answer  that  thousivuds  of  seed  gathered 
in  the  garden  of  agrioulturo  bad  just  hann  distributed.     Tbe  tree  for  a 
lougtime  known  as  tbe  producer 'of  the  best  quality  of  gutta-i>ercha, 
the  Baiaquium  (laonandra)  gutta  is  believed  to  grow  nowhere  iu  a  wild 
state;  at  all  events  it  la  almost  impossible  to  obtain  seeds.    In  the 
divi«on  of  Sapotaceffi  in  the  garden  of  Buitenzorg,  are  two  specimens 
from  30  to  40  years  old  which  protluce  every  2  years  a  great  number 
or  seeds.    From  them  has  come  the  young  plantation  in  tbe  garden  of 
>S<io<)ltare  as  well  as  a  great  number  of  speeimeas  in  a  large  separate 
plantation  of  gntta-percha  trees  commenced  by  the  government  some 
jears  ago  nnder  the  auspices  of  the  garden  of  Buitenzorg.    The  eam- 
phortreeof  Sumatra,  a  plant  of  great  value,  is  vvry  difficult  to  obtain, 
Srat  bneaose  its  seed  are  very  few,  tbeu  becanse  tbey  lose  very  rapidly 
tiieir  germinating  power,  even  during  a  short  voyage.     By  taking 
Bperiid  paina  Teysmauu  Huceee<Ied  in  introducing  the  tree  at  Buiten- 
lorg.    In  1S85  the  specimens  at  tbe  botanic  ganlen  began  to  bear  fruit, 
«hI  now  tbe  garden  of  agricalture  possesses  a  ]>lantatiou  of  young 
H.  Mis.  129 26  C;oo^i[c 
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Samatm  catopbor  trees,  wbile  there  ib  besides  a  coDsiderable  nninbtc 
of  plautR  to  be  distribnted  dnnng  the  next  rainy  season.  Wliy  wu  it 
that  s  short  time  after  tlieirqnalities  becntne  known,  tbe  garden  of  agri- 
caltore  possessed  new  cacao  trees  jrom  Kioaragna,  rabber  trees,  forage 
plants,  and  new  varieties  of  coffee  plants  from  Brazil,  oleiferoos  plants, 
plants  for  cooking  aud  usefal  trees  from  Gaboon,  mbber  climbers  ftom 
Zanzibar,  ete.l  It  was  only  because,  having  the  great  botanic  gardcD 
to  depend  npon,  it  conld  offer  its  correspondents  in  exchange  many  a 
plant  interesting  to  botany  or  horticaltnre.  The  researches  hitherto 
mode  at  Baitenzoi^  upon  the  pathology  and  physiology  of  plants  of 
general  culture  have  been  but  few  iu  number,  and  besides  they  hare 
been  more  or  less  against  the  interests  of  the  garden,  an  additioDal 
proof  of  what  has  jast  been  stated.  As  soon  as  the  two  new  fnnetioD- 
aries,  the  botanist  and  the  chemist,  especially  appointed  for  these 
researches  shall  arrive,  the  scientific  force  of  the  garden  at  Bailensorg 
will  be  sufficiently  numeroosand  varied  to  answer  every  need.  On  the 
one  hand  it  will  be  Impossible  to  lower  the  general  scientific  tone;  on 
the  other,  patient  and  careful  researches  will  give  to  agriculture  a  solid 
basis  b;  which  it  will  not  fail  to  profit.  The  tmuk  will  preserve  the 
necessary  sap  for  the  food  of  the  branches  on  which  practical  aims  will 
have  been  grafted.  That  which  will  be  accomplished  in  a  little  time  (oe 
agriculture,  took  place  a  year  ago  for  pharmacology  and  toxicology. 
Although  the  skillful  pharmacal  chemist  who  is  the  chief  of  this  new 
division  has  only  commenced  bis  researches,  the  resnlts  obtaiued  np  to 
the  present  time  furnish  conclusive  proofs  both  of  the  utility  of  the 
measare  undertaken  by  the  colonial  government  and  of  the  necessity  of 
attaching  this  laboratory  to  a  great  botanic  garden. 

At  the  time  of  the  founding  of  the  Hortua  Bogorimmt  the  great 
utility  which  it  would  finally  be  to  the  colony  was  perceived,  bat  this 
was  not  the  chief  motive  for  its  creation.  When  the  government  of 
Holland  sent  Ueinwardt  to  the  Dutch  East  Indies  it  was,  as  expressly 
stated  by  the  sovereign,  ^'  for  the  purpose  of  obtaining  as  tborongb  s 
knowledge  of  our  colonies  as  our  neighbors  possess  of  theirs."  It  waa 
the  intention  of  the  king  to  contribute,  by  encouraging  scientific  explo- 
ration in  tbe  colonies,  towanl  "rendering  manifest  the  happy  rehabiU* 
tatiou  of  the  Dutch  name.  The  result  of  generous  and  elevated  ideas, 
it  is  the  daty  of  the  garden  of  Buitenzorg  never  to  forget  its  origin. 
To  continue  an  emulation  with  the  neighboring  colonies,  to  aid  in  mak- 
ing known  every  possible  aspect  of  the  exuberant  vegetation  of  tbe 
tropics,  to  contribute  to  the  advancement  ofscieooe  independent  of  any 
direct  utility,  is  really  to  render  service  to  the  colony,  and  io  a  way 
which,  iu  tbe  long  run,  is  qnite  as  efficacious  as  that  which  looks  only 
towards  direct  practical  interest.  The  more  civilization  advances  tke 
more  it  is  demanded  of  nations  which  possess  great  kingdoms  in  fH- 
away  countries  blessed  by  heaven  that  they  should  not  forget  that  roy- 
alty has  its  responsibilities  and  that  it  can  not  be  allowed  to  withdraw 
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itself  from  thtt  ooble  task  of  addiug  to  oar  knowledge  of  natnre,  inde- 
peodeotof  any  direct  advantage,  either  preseut  or  fatnre. 

A  considerable  part  of  this  dnty  falls  apon  botanic  gardens,  especially 
when  tbey  poaaess  special  advantages  like  that  of  Battenzoi^.  We 
Mid  at  the  beginning  tbat  the  adverse  criticiams  made  against  botaoio 
girdpDs  would  not  apply  to  tho8<>  of  the  tropics  because  the  latter  are 
placed  nnder  qnite  special  eoDditions,  In  fact,  the  short  descriptions 
vliich  we  have  jast  given  will  sofflce  to  make  it  understood  that  jadg- 
log  b;  Bnitenzorg  there  is  no  attempt  at  making  an  immense  colleo- 
tHm  of  plants  in  abnormal  conditions.  It  is  trae  tbat  in  many  divisions 
(rftbe  garden  growth  has  cansed  the  trees  to  approach  each  other  too 
chieely,  hat  the  specimens  that  snfTer  in  tbis  way  du  not  at  all  remind 
hb  of  those  slender,  spindling  specimens  of  faothonse  growth  attacked 
b;  tbe  learned  critic.  As  to  the  conditions  offered  to  plants  it  is  evident 
tbit  there  is  a  great  difference  between  botbooses  and  a  garden.  Not 
that  the  Hortva  BogorientU  offers  to  all  its  plants  u  perfectly  natural 
ntnstion,  bat  from  tbat  to  abnormal  conditions  is  a  long  way.  It  is 
satflcieot  to  recall  that  aside  from  yonng  plants  and  tbe  very  few  species 
tbat  Hrecnttivatednnder  shelter,  all  the  plants  grow  in  the  open  ground, 
In  the  second  place  it  is  evident  that  tbe  great  nnmber  of  regetables 
Mattered  over  such  a  vast  space  implies  the  impossibility  of  giving  a 
Petitions  life  to  any  one  speoimeo  by  over  care.  In  general  it  may  be 
<aid  that  every  plant  fntrodnced  into  Bnitenzorg  with  which  the  climate 
does  not  agree  ends  by  dying, — generally  in  a  very  short  time.  Tbe 
piaata  that  oontinae  to  grow  in  a  tropical  garden  may  develop  more  or 
[«»  well,  bat  it  is  very  rare  tbat  we  have  to  admit  that  tbey  are  abuor- 
iDslly  developed,  so  the  taxonomist  and  the  morphologist  can  study  tbe 
plants  of  the  garden  withoat  fearing  to  fall  every  moment  upon  charac- 
ters that  are  unnatural  or  disfigared  by  culture.  In  the  rare  cases  of 
donbt  the  berbariiim  is  there  to  serve  as  a  check  and  to  allow  a  com- 
parison witb  neighboring  species  not  cultivated  in  the  garden.  In  view 
of  the  great  nnmber  of  tropical  ligneons-plantSithestndy  of  living  spec- 
intens  has  for  tbe  systematist  some  real  advantages  over  tbe  stady  of 
berbarium  specimens.  The  latter  are  necessarily  but  small  fragments, 
Mnying,  it  is  tme,  flowers  and  fruits,  but  very  rarely  sliowing  poly- 
■Dorphism,  so  freqnent  in  vegetation.  The  physiologist  and  the  anato- 
Bist  may  make  tbeir  researches  on  derelopmeu  t,  the  play  of  functions. 
Hid  ttie  minute  structore  of  the  plants  of  the  garden  nithont  the  fear 
rf  being  led  into  error  by  degenerations  and  redactions  due  to  a  life  of 
itarvation  and  ill- health  consequent  on  unnatural  conditions.  For  this 
Kfft  of  researches  the  absence  of  a  dry  season  is  of  special  advantage 
A  the  garden  of  Bail«Dzorg.  The  periodicity  shown  in  the  successive 
itagea  of  the  evolntlonary  cycle  of  a  plant  is  there  almost  always  dne 
o  internal  causes  and  qoil«  rarely  to  the  direct  influence  of  external 
wuea.  This  is,  for  the  phyto-pliysiologist,  au  advantage  which  bQ 
loes  not  Qud  in  the  temperate  zone  and  rarely  in  the  tropics, 
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We  Bee  Id  what  favorable  oiioumatanoeB  the  botanists  attadied  to  the 
Hortua  Sogorienaii  and  rediding  at  Baitenzorg  stody  ia  every  upeet 
the  flora  of  the  Dutch  E>ast  ladiee,  and  id  ^oeral  the  maaifeHtalioiis 
of  vegetable  life  iu  a  tropical  ooantry,  but  they  would  have  very  bedly 
anderstood  their  task  and  shown  a  regrettable  nurowiiessof  idsM  if 
they  had  wished  to  preserve  for  tbemselves  tbe  dieooTeries  and  the  in- 
veetigations  in  this  vast  and  fertile  field  of  atady.  Far  from  this,  it  is 
their  daty  to  constantly  nrge  theirbretbrea  beyond  the  sea  to  oome  and 
profit  by  tbe  opportunity  of  stadying  a  great  DamlMr  of  qoestions  it 
woDld  be  impossible  to  attack  in  Barope.  A  generous  scientific  hos- 
pitality offered  to  all,  profitable  to  eeienoe  and  worthy  of  tbe  colony 
that  has  tbeadvaotageofbeiDgable  to  offer  it,  is  the  only  line  <rfeoa- 
doct  proper  to  follow.  For  the  purpose  of  earryingoata  plan  like  this 
the  govemmenc  of  the  Datoh  East  Indies  fonnded  at  Bnitenzorg  four 
years  ago  the  laboratory  of  research  which  is  at  the  disposal  of  foreign 
naturalists. 

At  length  we  have  reached  the  importaot  question,  what  reason  is 
there  to  think  that  bolanio  gudeus  in  the  topics  have  enteted  npos  a 
new  phase  in  which  they  will  exercise  great  influenee  npoa  tiie  stody 
of  botany  1  The  answer  is  as  simple  as  it  is  short :  bectuise  they  have 
become  botaoicalstationssimilarto  the  zoological  stations  on  the  oeaata 
of  Europe.  Any  one  interested  in  natural  scienoes  must  know  that 
zoology  owes  a  great  part  of  ita  recent  n^id  advancement  to  these 
littoral  stations.  However  unlikely  it  may  appear  we  may  predict  that 
botanical  gardens  of  the  tropics  will  have  in  future  a  still  greatn  im- 
portance in  the  advancement  of  botany.  To  effect  this  they  most  he 
large  and  favorably  situated  like  that  of  Bnitenzorg  and  of  Paradeoija, 
where  they  have  just  followed  the  example  of  establishing  a  laboratory 
for  visitors. 

Id  order  that  this  prognostication  may  be  retailed  two  things  are 
necessary.  First,  that  botanists  shall  follow  the  example  given  by 
their  colleagues,  the  zoologists,  in  becoming  lees  reclnsive ;  then,  that 
they  should  have  more  accurate  itleas  as  to  the  "  perils  "  to  which  oae 
is  exposed  iu  a  sea  voyage,  an<l  especially  as  to  the  *'  dangers"  whieh 
meet  a  visitor  to  a  tropical  climate.  Books,  hDrrioaoes,  and  shipwmAs 
on  one  side,  fatal  diseases,  wild  beasts,  serpente,  and  venomoas  erear 
tnres  of  all  kinds  ou  the  other,  are  so  many  phantoms  which  basot 
timid  imaginations  and  prejudiced  minds.  Whoever  is  acquainted  witt 
tbe  great  steamers  that  make  the  voyage  to  the  Indian  Ooeaa  knowa 
that  the  perils  and  inoonvenieuces  which  it  was  imagined  mast  be  ea- 
dured  on  board  these  well-equipped  and  oomfortaUy  fitt«d  vessels  bav* 
very  little  basis  of  fact.  Three  or  four  weekaof  dolus /ar»»Mteii«s9Bd 
ou  board  a  great  mail  steamer,  daring  which  one  enjoys  the  exoelleiit 
fresh  sea  air,  are  advantageous  to  the  health.  It  is  true  that  it  is  some- 
tames  a  little  tiresome,  that  there  is  at  times  a  little  monotony  iu  tbe 
diversions  offered  by  tbe  flying  fish  and  porpoisesu  .  Bat  po  the  ot^Mt 
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han]  what  excellent  memories  are  preserved  of  tbe  loDg  days  on 
bovd !  The  apprefaeDsioQ  wbicb  has  the  least  foandation  in  fact,  tbat  of 
the  dugera  which  one  tncnn  by  pasatog  a  few  moDtbs  id  a  tropical 
coanliy,  is  yet  more  dtffloalt  to  dissipate.  The  false  opioious  od  this 
rabjeet,  which  are  foand  in  every  oonntry,  have  a  singnlar  tenacity  of 
life.  If  one  only  goes  to  a  healthy  and  civilized  locality  a  sojonrn  of 
afewmontiiBin  a  tropical  ooantry  presents  do  danger  whatever.  On 
tfae oontnuy,  for  many  oonstitntions,  antnmn  and  winter  in  Europe  are 
bi&vm  being  as  healthy  as  the  climate  of  the  tropics.  CertainlyitlB 
ponibio  that  tbe  latter  may  be  injnrioDS,  bat  sacb  an  efi'ect  is  only  felt 
after  a  prolonged  exposnre. 

However  nnfonnded  snch  fears  may  be  they  can  not  be  overcome  if 
then  remains  any  doabt  battfaatasujonrn  of  some  months  in  a  botanic 
gardes  in  tlie  extreme  Orient  will  be  of  great  nse  to  a  naturalist.  Tbe- 
niBBTk  has. sometimes  been  made  tbat  a  botanic  garden  of  this  kind, 
iiovever  great  and  rich  it  may  be,  can  not  give  by  itself  any  adequate' 
idea  of  tbe  vegetation  of  a  virgin  forest  which  has  suob  an  irresistible' 
attraction  fortbe  observer  of  living  natnre.  This  is  tme,  bnt  It  shouldi 
DM  be  fo^^ten  that  in  Java,  as  in  many  other  tropical  countries,, 
tmmitive  nature  and  civilization  jostle  each  other.  At  Baiteozorg,  ther 
Tin-rt^  residence,  an  excursion  of  1,2,  or  3  days  transports  the  bot- 
uiats  to  a  perfectly  virgin  forest,  so  near  is  it.  Besides,  a  branch 
tataUishmeut  of  the  garden  is  situated  upon  the  mountain  called 
Tjibodas,  which  touches  the  very  edge  of  the  forest  from  which  it  was 
ncovered.  There  natnralists  visiting  the  botanical  station  of  Bnitenzorg 
go  to[HUB  some  time  for  the  purpose  of  making  observations  and  gather- 
ing at  their  ease  plants  from  their  native  wilds.  In  order  that  these 
vilde  may  be  safe  from  any  inj  ury  by  the  natives,  and  that  their  prim- 
itive character  may  t>e  preserved,  tbe  government  bas  taken  care  to  put 
u  area  of  some  2S0  hectares  [nearly  1  square  mile]  nuder  the  immediate 
netrol  of  tbe  botanic  garden. 

There  are  certain  obstacles  to  be  met  when  one  would  make  a  voyage 
n  the  E^t  Indies,  such  for  example  as  preparing  for  an  absence  of 
suaderable  dnration,  a  leave  to  be  obtained  or  a  public  mission  to  be 
Med  for,  or  objections  of  members  of  tbe  lamily  nnaccastomed  to  travel- 
ing. Therefore  it  may  be  asked  whether  encb  a  voyage  secures  to  the 
Bfestjgator  Dot  only  the  certainty  of  establishing  new  facts  which 
uy  be  arranged  on  well-known  lines,  but  also  whether  there  is  much 
^ce  of  discovering  new  paths  which  when  explored  will  lead  science 
°  new  results.  This  qoestion  shoold  receive  a  stronger  affirmative 
nswer  than  might  be  supposed  by  many  natnralists  who  have  never 
Qitted  Europe.  In  order  to  appreciate  how  fierce  is  the  struggle  for 
fe  in  the  tropics,  and  to  comprehend  how  nature  has  exhausted  herself 
1  furnishiDg  to  the  combatants  a  diversity  of  offensive  and  defensive 
nns  elsewhere  unknown,  it  is  necessary  to  observe  it  npon  the  spot. 
'DB  most  see  for  one's  self — to  cite  but  one  example — trees  of  lof^ 
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'Stature  covered  to  the  top  witb  a  bosky  vegetation  of  parasites  and 
oplpbytes,  to  be  able  to  couceiye  how,  ia  tbeit  own  special  way  tbcae 
^wrestlers  bare  mnltitades  of  special  adaptations  of  which  we  as  jet 
<bnt  dimly  perceive  the  origin  and  the  fanctioDa.  Only  after  havitiic 
'experienced  the  surprise  caused  by  the  sight  of  the  loxuriaot  v^etatioa 
of  the  tropics,  can  the  pbysiologist  at  last  obtain  a  true  idea  of  Uie 
wonders  reserved  for  him  in  the  study  of  vital  phenomena  manifesting 
themselvee  witb  such  remarkable  force.  Finally,  it  should  be  borue  ia 
:mind  that  the  present  climatological  conditions  of  equatorial  oonntriee 
are  very  much  like  those  which  formerly  extended  over  the  entire  aoi- 
faoe  of  oar  globe.  It  is  therefore  indispensable  that  we  should  stody 
'  tropical  plants  if  we  wish  to  solve  the  series  of  riddles  relating  to  the 
'  origin  and  afSliatiou  of  the  plant  groups  of  our  period.  To  the  botu- 
:  ists  who  study  this  marvellons  flora  in  its  native  sitnation  ia  reserved 
the  honor  of  filling  out  the  great  gaps  in  our  present  knowledge  aod 
'  of  making  discoveries  whose  importance  and  signification  we  can  now 
•  but  partially  guess. 

What  we  have  jnst  said  is  neither  premature  nor  out  of  place-  First, 
'  the  results  already  obtained  snstaiu  it.  Besides,  naturalists  have 
1  recently  given  a  proof  of  the  interest  they  have  in  extending  thur 
-researches  to  equatorial  countries.  During  the  4  years  that  the 
'>laboratoi:y  for  research  has  been  established  at  Buitenzorg  it  has  been 
Tisited  by  fourteen  naturalists,  and  all  but  one  came  from  beyond  tlie 
«ea  and  from  different  countries.  It  is  to  be  regretted  that  we  have 
to  add  that  no  French  botanist  has,  np  to  the  present  time,  oome  to 
occupy  a  wm-k  table  in  the  laboratory  of  the  Hortut  Bogoriauk. 
Without  doubt  the  number  of  visitors  will  go  on  increasing,  and  at 
length  tbej  will  come  i^m  all  nations.  He  who  has  the  honor  of  now 
directing  the  scientific  establishment  described  in  this  article  is  the 
first  to  desire  it.  Indeed,  it  is  with  the  intention  of  enoooraging  and 
stimulating  this  movement  that  it  has  been  written. 
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TBMPEEAT0KE  AND  LIFE.* 


By  Hehrt  db  Varignt. 


ErerythiDg  that  lives  generates  beat  Wfaerever  there  is  life  there 
iifliinaltaDeoiiBly  a  prodactioii  atid  Itberatiou  of  beat.  On  the  other 
band,  there  exist  for  all  organic  life,  aaimal  or  vegetable,  limits  of  tem- 
peratare,  above  or  below  which  life  can  not  be  sustained  and  between 
which  points  only  can  full  development  be  attained.  Temperature  is 
Ibeiefore  an  imporiant  element  in  all  life,  and  it  is  interesting  to  con- 
sider in  detail  the  facts  upon  which  this  conclusion  rests.  We  must 
weigh  snccessively  two  questions:  namely,  the  generation  of  heat  by 
orffaoic  life,  and  the  influence  exerted  upon  that  life  by  the  theometrto 
Tariations  to  which  it  may  be  subjected — variations  which  necessarily 
nact  npon  Internal  temperature,  with  different  degrees  of  intensity, 
however,  as  wo  shall  see. 


Every  animal  is  n  sonrce  of  beat.  This  is  distinctly  appreciable  in 
■DSD,  birds,  and  superior  organisms  in  general,  and  the  characteristic 
temperature  of  the  various  members  of  the  animal  kingdom  presents 
interesting,  although  inconsiderable,  differences.  Birds  generate  more 
heat  than  any  other  organism,  in  so  far  as  their  temperatnre  is  shown 
to  reach  a  higher  point.  According  to  various  observers,  it  varies 
frtm  39°  to  44°  C,  while  that  of  man  and  mammals  ranges  between 
370  and  390  C.    (98°  and  102°  F.) 

Han,mammals,  and  birds  are  called  creaturee  of  equable  temperature, 
homeotbennic — that  is  warm-blooded — animals.  By  this  is  meant  that 
their  individual  temperatnre  is  high,  that  it  vanes  but  slightly,  and 
that  it  does  not  follow  the  changes  in  the  snrroniiding  atmosphere. 
Another  class  of  organisms,  representatives  of  which  are  never  found 
among  birds  or  mammals,  are  called  heterotbermic — cold-blooded — 
animals;  creatures  of  variable  temperature,  since,  in  their  normal 
physiological  state,  their  individual  temperatnre  follows  closely  tho 
changes  in  the  atmosphere  about  then.  The  temperatnre  of  reptiles, 
batrachians,  fishes,  mollusks,  cmstacea,  insects,  etc.,  is  almost  identical 

*  TnuwUtod  from  the  JSnw  dti  Dna  MondM,  Uay  1,  1889 ;  vol.  xciit,  pp,  ITft^Nl. 
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to  that  of  the  water  or  air  BnrrooDding  tbem.  All  animals  except 
mammals  and  birds  are  cold-blooded  animals.  It  is  to  be  noted  hoir- 
ever  that  certain  mammals,  nsnally  rodents,  are  in  tnra  warm- 
blooded and  cold  blooded.  These  are  faibernatiog  animals,  whichirfta' 
the  fall  of  the  extumsl  temperatare  below  a  certain  point,  become  tot- 
pid  and  fall  asleep,  their  own  temperatare  bein^  hardly  higher  th&D 
that  of  the  air  abont  them.    Of  these  wo  shall  speak  again  later. 

Withoat  the  aid  of  certain  instruments  heterothermio  animals  would 
appear  to  generate  uo  heat  whatever;  for  to  onr  seoBea,  their  tempera- 
ture is  the  same  as  that  of  their  snrroaudings.  Id  the  case  of  reptiles, 
however,  the  temperatare  exceeds  that  in  which  they  are  placed,  (the 
diSereoce  being  estimated  when  the  external  temperatare  was  at  a 
l>oiDt  between  5°  and  15°  G.)  as  mnch  as  C,  7,  aud  8  degrees,  thoagh  it 
more  f^^nently  varies  from  1  to  4  degrees.  In  the  case  of  batrachiaas 
it  is  less,  scarcely  exceeding  2  or  3  degrees  nnder  the  same  oonditioas. 
The  difference  is  still  leas  appreciable  in  fishes,  and  it  reaches  its  low- 
est point  iu  invertebrates,  in  which  the  temperatare  only  oocasionall; 
shows  an  excess  of  one-foarth  or  one-half  of  a  degree  centigrade  over 
the  temperature  of  their  snrroundings.  Insects,  particularly  those 
which  live  in  communitie8,^enerate  at  times  considerable  heat.  Tfans 
Btoamnr  observed  the  temperature  iu  a  bee-hive  raised  to  12^.5  C. 
when  the  external  air  was  at — 3°.7  0.  In  short,  heterothermicaDimab 
generate  little  heat,  but  its  prodnction  is  constant. 

What  is  the  cause  of  this  calorification  t  This  is  the  question  into 
which  we  are  now  to  inquire.  The  strangest  ideas  have  been  enter 
tained  in  regard  to  it.  One  iuvestigator  makes  a  mysterious  principle 
of  animal  beat,  the  seat  of  which  is  the  heart,  where  it  develops  so  higli 
a  degree  of  temi>eratare  that  touching  this  orgaa  by  chance  results  in 
a  painful  bum.  The  author  of  this  theory  has  evidently  never  prac- 
tised vivisection,  for,  as  a  matter  of  fact,  the  heart  is  one  of  the  coldeet 
of  the  organs,  in  mammals  its  temperature  rarely  exceeding  39°  or  40° 
0.  According  to  J.  Hunter,  the  celebrated  surgeon  and  anatomist,  tiiis 
mysterious  principle  of  animal  heat  resides  in  the  stomach.  Barthei 
and  his  followers  attribute  it  to  an  eutirely  different  cause;  more  rm. 
Bonable  (in  that  it  excludes  the  supernatural  aud  mysterious),  but  no 
less  erroneous.  Their  belief  is  that  it  is  due  to  theoommlnglingof  the 
several  liqnid  and  solid  portions  of  the  organism.  It  was  Lavoisier 
who  laid  the  foundations  of  the  true  theory  of  calorification.  Having 
made  an  exact  calculation  of  the  nature  and  properties  constituting  the 
atmosphere  in  its  normal  condition,  b»  demonstrated  iu  au  irrefutable 
manner  that  air,  oxpelletl  by  a  living  creature,  contains  carbonic  acid 
in  larger  quautities  than  the  air  which  he  iobates.  A  combiaation  has 
therefore  takeu  place  between  the  oxygeu  in  theiiirand  the  carbon 
contaiued  in  the  organism.  "Pnreair,  iu  passing  through  the  lungs, 
efTects  a  combination  analogous  to  that  which  takes  place  in  the  com- 
bustion of  charcoal.     Now,  in  the  combustion  of  charcoal  there  is  a 
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liberatioD  of  matter  from  tlib  fire,  consequently  there  must  be  likewise  a 
liberation  of  matter  from  thecombastioiiintlie  lungs."  Thatia  toaay, 
Hince  the  Innga  evolve  carbonic  acid,  a  generation  of  heat  most  follow,  for 
tiie  reMOD  that  beat  is  under  all  circumatanoes  an  accompanimeDt  of 
eombQstion.  A  living  organism  produces  heat  liecanae  it  burns.  The 
study  of  a  oentary  goes  to  abow  the  accuracy  of  this  couclnBt<'n. 

According  to  Lavoisier  the  lungs  appear  to  be  tbe  seat  of  respiratory 
combustion  and  caloiiflcatiou.  On  thia  point  however  he  is  guarded 
in  what  he  says,  and  this  reserve  is  justifiable,  as,  in  point  of  fact,  their 
idle  is  quite  a  different  one  from  that  which  he  supposes.  Lagrange, 
a  short  time  after  Lavoisier,  combatted  this  supposition,  stating  that 
if  the  lungs  were  actually  the  seat  of  these  combustions,  the  heat  gen- 
prated  would  be  of  such  intensity  that  this  organ  would  suffer  injury 
safficiently  serions  to  be  incompatible  wilb  life.  This,  however,  ia  an 
exaggeration.  Tbe  production  of  heat  has  been  estimated,  and,  even 
supposing  tlie  Inngs  to  be  tbe  exclusive  seat  of  this  function,  the  tern- 
peratnre  of  this  organ  would  not  be  intense  enough  to  be  injurious. 
The  most  exact  researches  have  shown  what  is  the  work  assigned  to 
tbe  lungs  in  the  process  of  calorification.  This  organ  which,  owing  to 
its  innumerable  cells,  representing  a  surface  of  150  or  20U  square 
metres  (this,  although  astonishing,  is  indisputable),  only  serves  to  bring 
in  contact  the  blood  and  tbe  air.  Tbe  net-work  of  capilhiries,  separated 
from  tbe  air  by  a  fine  layer  of  cells,  represents  a  surface  equal  to  about 
Ihree-fonrtbs  of  that  of  the  entire  lungs,  and  forms  a  sanguineous  coat* 
ing  of  100  or  160  square  metres.  This  has  little  depth,  it  is  tme,  only 
containing  2  litres  of  blood.  This  however  signifies  little,  for  in  order 
to  secure  absorption,  it  is  extent  of  surface  rather  than  depth  which  is 
required;  tbe  latter  being  of  slight  consequence.  Moreover  if  there 
are  at  a  given  moment  2  litres  of  blood  in  tbe  lungs  it  is  estimated  by 
a  simple  calculation  that  the  total  quantity  of  blood  passing  through 
tbe  lungs  in  tbe  course  of  21  hours  is  about  20,000  litres.  In  fact,  the 
anatomy  of  the  lunge  w  admirably  arranged  to  give  them  this  absorb- 
ing capacity,  and  experience  shows  that  their  r6Ie  is  exactly  that  for 
which  their  organization  is  best  adapted.  The  blood  which  permeates 
tbe  Inngs  absorbs  the  oxygen  in  the  inhaled  air,  by  reason  of  a  chemical 
affinity  between  the  htemoglobine  of  these  red  globules  and  that  gas, 
and  carries  it  throngbont  tbe  body.  It  is  in  tb6  recesses  of  the  tissues 
over  all  parts  of  the  organism  that  this  oxygen,  separating  itself  from 
the  hKmoglobine,  nnites  with  tbe  carbon  of  the  tissues,  and  igntUs  in 
nder  to  give  birtb  to  heat  and  carbonic  acid ;  necessary  results  of  all 
eombostion.  The  acid  which  is  taken  up  by  the  blood  is  finally  expelled 
tItTOUgh  the  lungs. 

Calorification  Is  thus  the  result  of  combnstions  which  take  place  at 
all  points  of  the  animal  economy.  It  is  in  complete  dependence  upon 
the  relations  of  two  other  functions — respiration  (that  is  to  say,  the  sup- 
ply of  oxygen  for  barning)  and  alimentation  (the  supply  of  carbon  or  of 
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oombostjbles).  We  shall  hare  occasion  to  refer  to  this  point  later  on. 
Oaloriflcation  is  produced  uot  only  ia  the  langa,  as  Lavoisier  belieT«d 
up  to  a  certain  point,  bat  in  all  the  tiasaes  of  the  organism,  the  proof 
of  it  being  that  the  tissoes  respire  in  a  condition  of  life.  Exertion  w 
made,  however,  of  cataneons  growths,  saoh  as  hair  and  nails,  these  be- 
ing lifeless  portions  of  the  organism.  If  the  tissaes  respire  it  is  because 
there  is  a  combination  of  oxygen  and  carbon,  hence  combostion,  hmee 
heat.  The  demonstration  of  the  respiration  of  the  tissnes  is  easily  fiir- 
nished  by  experiment  Let  an  animal  be  killed  and  fn^;ment8  of  mus- 
cle, liver,  brain,  bone,  etc.,  detached.  Let  these  be  placed  in  a  teet 
tnbe  containing  oxygen,  and  inverted  on  mercury.  At  the  end  of  a 
space  of  time,  which  varies  in  length,  aud  in  proportion  diSering  ac- 
cording to  the  tissues,  there  will  be  fonnd  in  the  test  tube  carbonic 
acid  which  has  replaced  a  part  of  the  oxygen,  and  which  establishes  in 
an  indisputable  manner  the  reS])iration  which  baa  taken  place. 

In  short,  animal  beat  results  from  combustion  of  the  carbtm  in  the 
tissnes  with  the  oxygen  of  the  air,  this  element  being  introduced  into 
the  blood  by  the  action  of  the  lungs,  and  carried  by  this  liquid  throngh- 
out  every  portion  of  the  body.  Oombustion  takes  place  in  all  the  tis- 
snes (and  in  the  blood  itself,  although  but  slightly)  in  varying  degrees, 
being  greater  in  extent  in  the  muscles,  brain,  and  glands,  and  leas  so 
in  the  bones  and  other  anatomical  portions  of  the  structure. 

Is  calorification,  then,  the  result  of  combustion  and  oxydation  ouljt 
It  was  for  a  long  time  so  believed,  bat  in  reality  other  influences  eoter 
into  this  fauction.  The  organism  ia,  in  fact,  the  theater  of  cheminl 
phenomena,  infinite  in  variety.  The  materials  derived  bom  the  food 
are  aaaimilated  by  various  chemical  processes,  and  the  action  of  elimi- 
nation is  accomplished  by  phenomena  of  no  less  variety.  All  the  com- 
binations, decompositions,  reductions,  etc,  which  the  different  materiais 
undergo,  give  rise  invariably  to  the  generation  or  absorption  of  beat 
In  plain  language,  all  chemical  action  produces  beat  or  cold,  according 
to  circumstances,  and  this  production  is  In  conformity  with  cbenical 
laws  which  are  now  fully  understood. 

Among  numerous  chemical  phenomena  of  this  sort  in  the  organism— 
pheuomenawhichhave  been  thoroughly  studied  by  M.Berthelot--special 
reference  may  be  made  to  hydrations,  decompositions,  combinatioos, 
and  fermentations.  All  these  phenomena  take  place  in  the  bodies  irf 
living  creatures,  and  all  play  their  part  in  the  process  of  calonflcation. 
Calorification  is  then  the  resultof  multiplied  chemical  actions  which  oo- 
our  at  all  points  of  the  organism,  actions  of  which  some  generato,  while 
others  absorb  beat,  but  among  which  tboae  of  the  former  evidentiy  pre- 
dominate. Among  the  heat-giving  phenomena oxydations  are  thenost 
important,  but  it  is  welt  to  remember  that  this  is  not  their  only  attri- 
bute, as  Lavoisier  believed. 

The  simple  fact  that  respiration  is  not  carried  on  with  the  hum 
activity  in  all  the  tissues  indicates  a  priori  that  there  most  be  an  appn- 
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ciable  difference  in  their  temperature.  Tbia  is  in  spite  of  tbe  fact  that 
ID  living  organisms  the  eqnal  distnbntioo  of  temperature  is  favored  by 
thecoDtactof  heated  portions  with  those  which  are  less  so,  either  directly 
(H-  indirectly,  by  tbe  circulation  of  the  blood.  In  spite  of  this  tendency 
to  establish  an  equality  of  tfimperftture,  it  is  easy  to  distinguish  those 
of  the  highest  temperature.  They  are  uatnraUy  those  of  most  actirity, 
frmo  a  chemical  standpoint,  and  whose  respirations  are  most  frettoeut. 
The  liver,  brain,  glands,  heart,  and  muscles  belong  to  this  class.  The 
faeat  generated  by  these  organs  is  in  proportion  to  the  chemical  activity 
sad  to  the  amount  of  work  which  they  themselves  perform.  Every 
organ  is,  in  fact,  warmer  when  in  a  state  of  activity  than  when  in  a  state 
of  repose. 

Calorification  is  thus  the  result  of  chemical  phenomena  which  take 
place  in  the  recesse^j  of  the  tissoes.  These  phenomena,  which  are  nu* 
merons  and  aotive  in  animals  of  the  higher  class  (homeotherms),  are 
mnch  less  so  in  cold-blooded  animals ;  but  this  point  is  not  important, 
tbe  difference  being  in  degree,  not  in  kind. 

Here  a  question  arises :  Why  does  man  have  an  equable  temperature 
at  the  poles,  where  the  temperature  is  30  degrees  below  zero,  and  in 
Sahara,  where  there  are  40  degrees  of  heatt  Why  are  not  man  and 
warm-blooded  animals  influenced  to  a  greater  degree  by  the  temperature 
ill  which  they  live,  and  how  are  they  enabled  to  cooteod  with  these  ex- 
tremes of  temperature  1  In  several  ways,  from  a  physiological  stand-  ■ 
|)oint,  for  at  this  time  we  are  not  to  consider  the  means  devised  by  maa 
for  bis  protection.  Toenable  him  to  endure  extreme  heat,  h'e  is  supplied 
with  a  sodatory  apparatus  which  acts  as  soon  as  the  internal  tempera- 
tore  begins  to  rise.  The  action  of  external  heat  brings  the  sudatory 
glands  into  activity,  and  evaporation  of  the  perspiration  produces  re- 
frigeration to  a  marked  degree.  Note,  by  the  way,  that  this  evapora- 
tioo  is  only  possible  in  an  atmosphere  relatively  dry,  and  is  less  in  pro- 
portion to  the  humidity  of  the  atmosphere  surrounding  the  body.  On 
this  acoonat  one  safTers  more  from  heat  when  the  air  is  full  of  moisture 
than  when  it  is  dry.  Humidity  impedes  and  retards  evaporation,  »iid 
in  oonseqnesce  also  relrigeration. 

Certun  animals  are  endowed  with  this  sudatory  apparatus  for  the 
same  purpoee  aa  man,  but  many  of  them  are  entirely  without  it.  Among 
the  latter  class  are  birds,  dogs,  rabbits,  etc.  In  what  way  are  these 
protected  against  heatt  As  ^r  as  we  know,  no  researches  have  been 
made  on  this  point  in  regard  to  birds ;  bnt  concerning  dogs,  M.  Gh. 
Richet  has  reached  very  interesting  conclusions.  In  this  animal  refrig- 
eration is  effected  by  means  of  the  respiratory  organs,  for  it  is  by  this 
means  only  that  they  can  bring  about  a  copious  evaporation.  The  dog 
perspires  through  his  lungs,  as  is  the  case  with  all  creatures  which 
have  this  organ,  even  man  himself,  but  with  the  dog  this  is  the  only 
means  of  effecting  perspiration,  and  it  is  therefore  employed  to  a  for 
greater  extent    When  a  dog  Is  heated  be  thrusts  out  his  tongue  in 
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order  to  facilitate  tbe  passaf^  of  air  tbroagh  the  moath.  He  breatlm 
qaiokly,  Bometimea  with  f^reat  rapidity,  in  order  to  iodoce  a  moie 
abnudant  exhalatiou  of  tDoiature.  It  ia  much  to  be  desired  that  astad; 
ot  refrigerating  mechaDiania  be  parsned  in  bebalf  of  those  bdogs 
whiob  have  no  iierspiring  capabilities,  as  aaob  a  atsdy  vonid  be  froitfnl 
iu  interesting  resnlts. 

When  the  internal  temperature  of  maa  is  at  a  lov  point,  snffldent 
refrigeratiou  ia  effected  simply  by  the  flow  of  blood,  which  is  dwaya 
towu^s  the  surface.  Infloeoced  by  external  heat  the  cntaDeons  tabes 
expand,  by  this  nieans  they  are  able  to  contain  a  larger  qnantity  of 
blood,  and  radiation  from  tbe  skin  is  thus  increased,  resaltjug  in  « 
cooling  tendency,  which  spreads  tbroagh  tbe  entire  system  by  reason 
of  tbe  circnlatioD  of  the  btood,  which  is  also  accelerated,  and  thas 
facilitates  refrigeration. 

From  a  physiological  point  of  view  the  organism  is  less  fally  equipped 
for  protection  against  extreme  cold.  Cold  however  is  less  daogeroiu 
to  organic  life  than  beat,  and  for  this  reason  nature  has  prepared  it 
luoro  perfectly  to  meet  tbe  latter.  A  sensation  of  cold  stimnlates 
animal  life  to  activity,  and  by  this  very  resalt  produces  warmth.  More- 
over animals  of  cold  olimatea  have  in  tbe  winter  a  heavier  growth  of 
fur,  which  serves  as  a  protection.  In  addition  to  this  resource,  we  shall 
point  out  the  fact  that  cold  contracts  tbe  tubes  of  tbe  skin  which  dimia- 
'  isbes  refMgeratioo ;  respiration  is  accelerated  and  with  it  organic  com- 
bustion. Tbe  need  of  food  is  greater  and  it  is  eaten  in  larger  qnanti- 
tiea,  all  of  which  introdnces  into  the  system  a  greater  qnantity  cf 
combustible  material.  Observe  for  a  moment  the  immense  importance 
of  the  nervous  system  iu  it^  effect  upon  bodily  temperature.  This  Act 
has  been  clearly  demonstrated  by  many  experiments  in  physiology,  u 
well  as  by  clinical  observations. 

To  epitomize,  tbe  beat  of  animals  is  generated  by  chemical  phenomena 
which  takes  place  within  the  organism.  With  some  species  these  phe- 
nomena are  very  active  and  the  temperature  proportionately  high.  In 
addition  tbey  are  famished  with  a  regulating  apparatus  so  arranged 
that  within  certain  broad  limite  oscUiations  in  the  external  temperature 
modify  only  to  a  slight  degree,  or  insensibly,  their  internal  tempera- 
ture. These  are  the  homeothermic  species.  With  the  others  (tbe 
heterotherms)  in  which  chemical  phenomena  are  feeble  and  inactive, 
there  is  a  temperature  coiTesiwndingly  low.  These,  moreover,  have  no 
protection  against  the  influence  of  tbe  outside  temperature,  following 
closely  its  variations.  Their  own  temperature  is,  in  fact,  the  result  of 
their  environment,  more  than  of  the  chemical  phenomena  withio.  This 
difference  between  warm  and  cold  blooded  animals  is  considerable,  for 
in  the  case  of  the  former,  under  average  normal  conditions,  the  exter- 
nal temperature  has  no,  or  little,  action  upon  the  temperatare  of  the 
animal. 

Oaloriflcation  is  a  general  pbonomenn  nmong  animals  fkomprotoioan 
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to  maa.  Tbere  are  differences  iu  degree,  bnt  tbe  fact  is  aniversal.  It 
remains  for  ns  to  prove  tbat  tbis  is  not  only  tbe  rale  witb  animalo,  bnt 
it  also  trne  wherever  tbere  is  vegetable  life,  constituting  in  fact  an 
iobereDt  fnactton  in  all  animate  matter. 

Plants  respire,  conaeqneotly  tboy  generate  heat  This  is  an  ascer- 
tained factor  which  proof  has  been  given  by  numerous  experiments. 
The cboloropbyllic  fiiDCtion,  which  effects  n  decomposition  of  carbonic 
acid  JD  the  oxygen  which  is  exhaled,  and  iu  carbon  which  is  incorporated 
in  the  tiunes,  has,  for  a  considerable  time,  obscured  the  true  manner 
of  respiration,  mahiog  it  appear  that  vegetables  respire  in  an  entirely 
different  way  from  animals.  The  process  is  the  same  in  tbe  two  classes 
of  DT^Disms.  To  assure  ourselves  of  tbe  fact,  however,  it  is  necessary 
to  eliminate  tbe  chloropfayllio  fnnetioD  by  having  reconrse  to  a  partion- 
lir  anangement;  experimenting  upon  plants  without  chlorophyll,  or 
upoD  chloropfayllio  plants  kept  in  darkness — the  chloropfayllic  function 
acCJBg  only  in  light  In  taking  tbe  above  precautions,  we  establish 
the  fact  tbat  respiration  exists  among  all  plants — with  more  activity, 
it  is  true,  in  young  plants  than  in  older  ones,  in  plants  which  are  in 
coBTHe  of  development,  rather  than  tiiose  which  have  already  attained 
Ibeir  fhlt  growth.  This  respiration,  as  in  animals,  consists  of  chemical 
pbenomena.  It  is  caused  by  an  absorption  of  oxygen,  and  a  combina- 
tion of  that  gas  witb  tbe  tissues  of  tbe  plant,  by  which  heat  is  prodaced. 
Ab  observation  has  demonstrated  to  os,  everything  that  has  life  gener- 
ates heat  by  reason  of  the  chemical  phenomena  which  accompany  life. 
The  germination  of  seeds,  for  example,  does  not  occur  without  this 
evolotion  of  heat  To  assnre  oorselves  of  this,  let  a  thermometer  be 
placed  iu  tbe  midst  of  a  quantity  of  seed  iu  process  of  germination, 
taking  care  to  insure  tbe  elimination  of  carbonic  acid  in  proportion  as 
it  is  produced — for  it  arrests  respiration  and  calorification.  The  tber- 
mometer  will  be  seen  to  rise  5°,  10°,  16°,  and  2(P  O.  Tbe  generation  of 
hfat  in  this  case  is  therefore  considerable.  Various  experiments  made 
Tith  seeds  have  Bubstantiiit^d  tbe  cooclnsiou.  Flowers  also  produce  a 
remarkable  amount  of  heat,  tbe  truth  of  which  Lamarck  was  tbe  first  to 
Mlabtish.  It  is  with  fiowers  of  certain  aroTdes  that  experiments  have 
been  most  saccessfal,  and  which  have  furnished  tbe  most  exact  data. 
The  temperature  of  the  spatbe  of  these  plants  when  iu  full  Bower  indi- 
ces a  generation  of  considerable  heat,  presencing  sometimes  an  excess 
of  so,  10°,  and  15°  over  the  surrounding  temperature.  To  show  that 
this  calorification  is  aresult  of  respiration,  let  a  flower  be  covered  with 
oil  in  order  to  exclndo  tbe  oxygen  in  tbe  air,  or  let  It  be  placed  iu  an 
inert  gas  from  which  all  oxygen  has  been  exhausted  (nitrogen  for  in- 
Rtaace),  and  its  temperature  will  be  reduced  to  almost  nothing;  combns- 
tion  18  retarded  if  not  entirely  suppressed.  Very  delicate  experiments 
have  Atablished  beyond  a  doubt  that  a  close  correlation  exists  between 
the  supply  of  oxygen  and  tbe  amount  of  beat  produced,  the  latter  being 
pn^MiftiODate  in  int«D8ity  to  the  quantity  of  oxygen  atworbed. 
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One  has  a  right  therefore  to  assame  that  all  flowers  evolve  a  certlin 
amoant  of  heat,  variable,  it  is  trne,  for  oue  flower  differs  front  another, 
bat  always  elearly  appreciable.  A  similar  evulation  ia  observed  in  tlie 
active  organs  of  plants  when  they  are  excited  to  movement.  It  lias 
been  established  in  the  case  of  germs  by  the  means  of  thermo-dectric 
neetUes.  It  is  much  more  sensible  than  iu  the  case  of  adalt  plants,  io 
which  life  is  less  active  and  intense. 

We  see  in  the  vegetable,  as  in  the  animal  kingdom,  that  heat  is  gen- 
erated, and  that  it  is  due,  for  the  most  part,  to  osidatious  within  them- 
selves. It  is  possible  to  establish  the  esistence  of  a  complete  likeness 
between  these  two  classes  of  organisms.  The  demonstration  which 
substantiates  itself  every  day  of  the  identity  and  unity  of  the  funda- 
mental laws  of  life,  in  spite  of  variation  In  form  and  appearance,  is  not 
one  of  the  least  benefits  which  have  resulted  from  the  investigations  of 
modem  science. 

At  the  point  where  calorillcation  resnlts  from  chemical  phenomena 
accompanying  natrition  and  respiration  a  close  dependence  springs  ap 
between  it  and  the  process  of  alimentation.  This  dependence  clearly 
exists.  The  phenomena  of  alimentation  are  in  consequence  of  the  in- 
troduction of  food  into  the  organism  iu  such  a  manner  that  it  can  he 
assimilated,  portions  of  it  immediately,  and  that  which  remains  after 
it  has  Dodergone  chemical  modifications.  To  the  former  category  va- 
rioas  salts  and  water  belong ;  to  tbe  latter,  organic  compounds,  fiesh, 
fruits,  vegetables,  milk,  etc.  Where  tliere  is  a  total  lack  or  insuffi- 
ciency of  alimentation  tbe  animal  perishes,  especially  when  there  is  no 
reserve  supply  of  nutriment  in  the  form  of  fat.  At  the  same  time  its 
temperature  falls.  This  fact  has  been  established  by  Chossat,  who  has 
made  an  esbanstive  study  of  iuanitiou.  Animals  deprived  of  nutri- 
ment generate  less  boat.  Their  temperature  diminishes  each  day,  and 
finally,  at  the  moment  of  death,  sinks  to  l<y^,  15°,  or  2<K>  below  tbe  nor- 
mal medium.  The  temperature  of  pigeons,  for  example,  falls  from  40° 
or  42*3  to  20°  or  18<>.  The  same  phenomenon  exists  in  tbe  case  of  man 
or  mammals.  It  is  the  same  with  them  as  with  a  boiler  when  the  for 
nace  is  not  fed ;  the  fire  is  extinguished  aud  heat  disappears.  In  the 
vegetable  kingdom  there  is  in  all  probability  u  simiUr  ooonrreace,  al- 
though  no  visible  proof  is  given  of  it  as  far  as  we  know.  Experiment 
in  this  case  is  very  difficult,  but  an  indirect  proof  is  famished  by  tbe 
fact,  well  kuown  to  agriculturists  and  botanists,  that  the  suppression 
or  diminution  of  such  and  such  mineral  salts  necessary  to  vegetable 
life  will  result  in  tbe  deterioration  aud  relative  uufrnitfuluess  of  tbe 
plant.  That  which  diminishes  their  vitality  and  tbeir  proportions  di> 
miaishes  also  their  nutrition,  and  as  a  natural  couseqaence  their  [nv- 
dootioD  of  beat. 

There  is  therefore  between  tho  processes  of  alimentation  and  ealori- 
flcation  a  fixed  relation,  and  oue  can  readily  determine  among  tbe  many 
different  kinds  of  foods  those  which  contribute  most  towards  oaiwifi- 
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cation.  Chemistry  ebons  as  by  exact  analyses  that  diS^rent  bodies,  id 
oiidation,  evolve  varyiug  degrees  of  heat.  Let  us  imagitie  a  given 
qosDtit;  of  oxygen  introduced  iuto  the  blood  to  assist  the  oxidations 
nbicii  are  tlie  principal  though  Dot  exclusive  source  of  animal  beat. 
TheamoQDt  of  heat  which  will  be  produced  by  the  combustioD  of  this 
volnnie  of  oxygen  with  the  material  existing  in  the  tissues  will  vary  ac- 
eordiDg  to  the  nature  of  the  material.  Oombiniug  with  certain  snb- 
iUntxa  the  same  quantity  of  oxygen  will  generate  ten  times  more  heat 
tbaa  will  resalt  from  certain  other  combinations.  That  whicb  is  true 
of  oiidstions  is  also  true  of  other  chemical  phenomena  incident  to  oa- 
toiifleatioo — that  is  to  say,  hydrations,  de-bydrations,  decompositions, 
conibiDations,  etc  The  prodnction  of  heat  varies  considerably  accord- 
ing to  the  chemical  nature  of  the  substances  whicb  are  influenced  by 
tbese  modifications.  It  is  enough  to  say  that  certain  foods  are  more 
prodactive  of  beat  than  others.  Observation  has  long  since  shown  the 
(Beets,  in  a  cold  climate,  of  a  diet  rich  in  fats  and  in  sugar,  and  expe- 
rience establishes  the  fact  that  these  substances  develop  a  greater  de- 
gree of  heat  than  albuminoids.  Ou  the  otber  band,  we  all  know  that 
inhiibitants  of  warm  climates  ueed  less  food  and  are  more  abstemious 
Ibao  tfaose  of  a  cold  region.  Tbe  need  for  being  heated  is  less  pro- 
DOQDced  in  their  case  on  account  of  the  temperature  in  whicb  they  live, 
10^  ia  which  tbe  external  cooling  is  little  or  nothing  in  extent. 

Tbe  relations  which  exist  between  tbe  processes  of  calorification  and 
aspiration  are  no  less  evident.  Anything  that  obstructs  respiration 
abstracts  also  the  generation  of  heat.  This  is  more  pronounced  in  the 
dm  of  creatures  with  whom  oxidation  plays  a  very  important  part  In 
tbe  generation  of  heat.  Tbe  deprivation  or  diminution  of  pure  air  very 
qaicbly  reanlts  in  serious  disturbance,  duo  to  the  irregularity  occa- 
lioiied  in  the  vital  functions  by  an  insufflcient  exchange  between  tbe 
blood  and  the  atmosphere.  Supposing  that  life  were  possible  during 
k  temporary  but  somewhat  prolonged  cessation  of  respiration,  the 
'-emperature  of  tbe  body  would  quickly  diminish.  The  higher  class 
>f  beings  may  not  furnish  proof  of  this  fact,  being  so  exceedingly  sensi- 
iTe  to  the  deprivation  of  pure  air,  but  by  the  lower  organisms  it  is 
'tearly  proven.  We  have  seen  it  in  depriving  of  its  share  of  oxygen 
I  flower  of  arum  or  of  colocfuia  by  dipping  it  citber  in  oil  or  in  azote, 
rhen  the  pbeuomeuon  of  thermogenesis  is  considerably  dimiuished. 
In  fine,  tbe  relations  of  calorification  to  tbe  activity  of  the  organism 
in  quite  as  clear  as  those  of  which  we  have  Just  spoken.  These  are 
lanifest  among  vegetables  as  among  animals.  With  tbe  first  the 
[^Deration  of  heat  is  greatest  during  movement,  or  iu  reference  to  the 
lore  active  portions,  fh>m  the  point  of  view  of  vitality  and  growth, 
ud  during  tbe  organization  of  tbe  tissues;  in  germs,  in  which  the 
bemical  changes  are  rapid,  numerous,  intense,  and  in  flowers  during 
be  operation  of  fecundation. 
With  animals  all  activity  is  accompanied  by  an  elevation  of  the  tent* 
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pcratare,  local  or  geueral,  ttcconling  to  tbo  intensity  aod  dmatioiiof 
tlie  activity.  It  is  thas  that  a  muscle  in  the  act  of  oontractiog  evolves 
more  heat  than  when  in  a  state  of  repose,  and  this  pi-odnction  is  such 
that  it  easily  increases  the  temperature  of  the  body  2P,  3S  ^°.  In 
the  same  manoer,  a  mental  or  intellectual  effort  resnlts  in  a  prodnc- 
tion  of  considerable  beat.  The  glands  in  an  active  state  gooetate 
large  quantities  of  heat,  as  is  seen  by  the  temperatare  of  their  seen- 
tioos  and  of  the  venous  blood,  which  has  served  in  the  formation  of  ths 
latter.  This  is  why  the  yenouR  blood  of  the  kidneys  is  warmer  than 
the  arterial  blood,  and  according  to  Claude  Beruanl  the  tempeniiare 
of  the  hepatic  vein,  which  brings  back  the  blood  from  the  liver  to  the 
heart,  is  the  highest  in  temperature,  especially  during  the  process  of 
digestion,  at  which  time  the  liver  is  very  active,  and  the  chemical  proo- 
eesea  which  take  place  are  also  numerous  and  intense.  This  is  suffi- 
cient to  show  the  dependence  of  the  generation  of  heat  upon  the  chem- 
ical activities  of  the  body. 

By  reason  of  natural  and  normal  cessations  of  the  phenomena  which 
are  instrumental  in  generating  and  liberating  heat,  it  is  impossible  (or 
the  temperatare  of  a  being  to  be  absolutely  equable.  Even  with  the 
most  warm-blooded  animals  there  are  many  normal  variations.  In  a 
sound  man,  in  normal  condition,  these  variations  take  place  within  the 
space  of  aboot  24  hours.  The  temperature  is  highest  from  10  o'clock, 
or  midday,  to  6  or  7  o'clock  iu  the  evening,  reaching  its  lowest  point 
between  midnight  and  C  o'clock  is  the  morning.  Violent  exercise,  of 
course,  increases  it  several  degrees,  and  the  process  of  digestion  ia 
accompanied  by  a  slight  fever.  In  aword,  a  multitude  of  circomBtances 
oocnr  each  hour  which  render  variable,  within  certain  limits,  it  is  trae, 
the  generation  of  beat.  In  addition,  and  this  is  quite  natural,  aooonl- 
ing  to  the  explanations  givtn  above,  the  temperature  is  not  the  saiae 
in  all  portiouBof  the  organism.  Certain  portions  are  more  tbermogeuio 
than  others,  and  others  are  more  exposed  to  a  loss  of  beaL  The  ealo- 
rifto  topography  of  the  organism  is  accurately  known.  We  know  that 
the  hepatic  vein  is  one  of  the  warmest  points  of  the  lM>dy,  its  poeitioK 
being  a  protected  one,  and  containing,  as  it  does,  blood  heated  by  tke 
intense  chemical  action  which  takes  place  in  the  liver.  The  brain  bac 
probably J;he  same  temperature  as  this  vein.  On  the  other  baud,  tha. 
skin  always  shows  a  mlich  lower  temperature  (3°,  5*^,  or  6'^)  than  thai' 
of  the  rettt  of  the  organism,  stiffenug  as  it  does  considerable  loss  froa 
radiation. 

Leaving  the  question  of  external  heat,  we  find  that  internal  t«mpei»- 
tore  is  the  direct  result  of  two  factors,  thermic  gen^^tJOD  and  WHUk, 
Heat  generated  is  the  result  of  chemical  processes,  infinite  in  varietg^ 
of  which  the  botly  is  the  theatre,  processes  among  which  that  of  oxi- 
dation holds  a  predominant  place.  As  soon  as  oxidation  is  retardacU 
there  follows  a  diBlculty  in  breathing,  accompanied  by  a  lowering  oF 
the  temperature.     The  cause  of  this  is  the  diminntioa  itself  and  tto 
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reutioQ  it  probably  exercises  npOD^Ilie  otber  thennogenio  chemical 
actions.  As  to  waate,  this  is  iocarred  id  accordance  with  well-fenowu 
phjBical  laws,  and  with  warm-blooded  auimals  it  is  sometimes  facilitated 
anil  sometimes  diminished  by  the  action  of  the  regalating  mecbanism 
placed  Qnder  the  dependence  of  the  oervons  system,  a  mechanism 
wbich  in  its  normal  condition  tends  to  preserve  for  tbe  organism  a  tern- 
perataifi  nearly  constant,  diminishing  the  losses  when  the  prodnotion 
ofbeat  iii  feeble  or  insufficient  in  respect  to  the  temperatnre  of  the  snr^ 
loandiDg  medium,  and  aagmenting  these  losses,  on  the  contrary,  wbeu 
tbe  abnosphere  is  too  bigb,  or  when  the  prodnctioii  is  so  great  that  it 
tends  to  inflame  the  bodily  organism. 

Tbe  only  difference,  from  the  physiological  staodpoint,  in  the  calori- 
fication which  exists  among  warm-blooded  and  cold-blooded  auimals 
is,  that  with  the  latter  the  production  of  heat  is  alight  and  the  rega- 
lating apparatus  absent.  These  species  engender  little  heat,  and  are 
unable  to  regnlate  their  losses.  They  also  follow  the  variations  in  the 
oalside  temperature  almost  to  as  great  an  extent  as  inanimate  objects: 
wLeieas  warm-blooded  animals  conform  in  a  less  degree  to  tbe  outer 
atmoephere,  and  also  with  less  impuoity. 

U. 

We  are  row  to  consider  between  what  limits  of  temperatnre  organic 
life  can  be  maintained.  Animals  of  the  highest  temperature,  protected 
tbongh  tbey  are  against  tbe  extremes  of  heat  and  colO,  ean  be  placed 
under  conditions  which  render  these  protective  means  inadequate,  and 
this  in  a  state  of  natnre  and  apart  from  all  experimentation. 

A  word  first  on  the  thermic  variations  wbidi  occur  in  the  inhabited 
zone  of  our  planet ;  a  zone  limited  in  extent,  comprising  an  average  of 
3  to  10  kilometres  in  altitude,  its  elevations  and  depressions  being 
abont  equal  in  distance  from  tbe  level  of  the  sea;  a  zone  exceedingly 
small  when  compared  with  tbe  diameter  of  tbe  earth.  Beyond  tbe 
limits  of  this  region  life  has  never  existed,  or  at  least  exists  uo  longer. 
We  are  more  especially  interested  in  that  portion  of  the  earth  which 
can  support  organic  life.  Tbe  extreme  points  of  temperatnre  observed 
io  tbe  atmosphere  are  -  70°  and  +  6(i°  G.  Tbe  former  observation  was 
made  at  lakontsk,  the  latter  at  Monrzouk.  These  are  said  to  represent 
rery  exactly  the  extreme  limits,  forming  a  difference  of  125°  or  I30°0. 
&t  these  far  distant  points  human  life  is  possible,  and  also  that  of  cer- 
ain  animals.  In  the  ocean  the  thcrmometric  digressions  are  not  as 
reaL  According  to  Wyville  Thompson,  the  temperatnre  of  the  At- 
antic  Ocean  reaches  0°  at  a  depth  of  only  4,200  metres ;  at  6,000  metres 
t  registers  5°;  at  800  metres,  i°,  and  at  3,000  metres  it  is  3°.  About 
he  same  can  be  said  of  tbe  Pacific  Ocean.  Should  the  temperature 
ipon  the  surface  or  at  Ibe  bottom  of  the  sea  descend  lower  than  — 1° 
V— 2°  tbe  water  freezes.  It  is  not  necessary  for  us  to  consider  this 
H.  Mis.  129 27  Google 
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point  however,  since  it  is  complicated  by  the  introdaction  of  a  new 
factor — the  soObcatiou  of  the  iahabitants  of  the  water  aa  a  reenlt  of 
this  congelation.  The  MediterraneaD  Sea  is  less  cold,  the  tempentarc 
at  the  bottom  being  aboat  12o  or  13°.  The  Bed  Sea  rises  to  2P,  and 
at  the  sarfoce  to  32P.  The  variations  are  less  in  the  center,  not  exceed- 
ing 3i°  G.  It  is  therefore  on  the  earth  and  in  the  air  that  the  extremes 
of  temperature  are  fonnd.  The  immense  iuflnence  of  the  rays  of  the 
snn  upon  temperature  should  be  taken  into  account.  A  thermometer 
which  registers  27°  in  the  shade  will  rise  to  31°  when  placed  in  the 
snn,  and  when  resttug  apon  a  bit  of  black  cloth  it  will  reach  80°.  A 
thermometer  placed  on  the  helmet  of  a  cuirassier  and  exposed  to  the 
son  will  rise  to  60°  or  70°,  and  in  a  compartment  of  a  fnmace  it  rises  to 
76°  0.  On  the  other  hand  we  must  not  fbrget  that  life  exists  in  regioDs 
where  the  temperature  reaches  90°  and  98°  O  (Hooker,  Flourens,  etc). 
This  conclusion,  therefore,  is  reached,  that  thore  ure  some  oreatniee 
which  can  live  at  +100°  and  others  at  —60°  or  —70°.  These  fignres 
represent  the  extremes  of  temperature  to  which  living  beings  are  ex- 
posed under  actual  terrestrial  conditions,  but  they  do  not  represent 
those  which  certain  of  these  classes  can  resist,  for  certain  spores  of 
bacteria  resist  more  than  +100°  and  — 100°  C,  according  to  recent  ex- 
periments. Let  us  admit  at  the  start,  to  simplify  matters,  that  life  can 
be  sustained  at  — 160°  and  at  +150°.  Are  all  these  creatures  able  to 
sustain  life  with  impunity,  even  for  a  short  time,  in  such  ext««mes  of 
temperature  t  Possibly  bo,  but  only  for  a  limited  space  of  time,  and 
surrounded  by  a  nonconductor.  This  proves  nothing;  the  only  inter- 
esting phases  of  this  question  are  the  facts  or  experiments  which  rdate 
to  the  results  obtained  by  organisms  remaining  in  such  extremes  for  a 
prolonged  length  of  time — interesting  where  they  succnmb,  being  suf- 
focated or  fhizcn,  as  well  as  when  they  are  able  to  survive  by  pre- 
serving their  normal  temperature.  We  will  not  dwell  upon  those  caseii, 
vhich  are  both  numerous  and  interesting,  whore  man  and  animal  bavQ 
endured  for  a  few  moments  or  seconds  extremes  of  temperatare,  <Hily 
conetdenng  the  cases  where  their  continuation  is  sufBoieDtly  prolonged 
for  the  temperature  to  aflfect  them. 

There  is  for  every  species  of  animal  and  vegetable,  indeed  even  for 
each  variety,  a  thermic  optimum,  that  is  to  say,  an  average  of  tempera- 
ture which  is  moat  favorable  to  its  growth  and  development.  It  should 
not  be  forgotten,  however,  that  with  all  species  of  organic  life  acertaia 
adaptation  is  possible,  the  limits  of  which  are  more  or  less  restricted. 
In  many  instances  it  is  possible  to  sustain  life  among  animala  io  a 
medium  which  would  have  been  fatal  to  them  if  they  had  been  suddenly 
introduced  into  it,  by  carefully  managing  the  conditions  and  trsosi- 
tions.  This  fact  is  especially  recognized  in  chemical  elements,  of  which 
many  iustances  have  been  given.  It  is  true  as  well  of  thermic  condi- 
tions. At  the  same  time,  even  wlieu  adaptations  are  made,  new  envi- 
ronment acts  on  the  organism,  intluencing  and  modifying  its  stnctiuv 
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Dt  fimctioDB,  and  it  may  be  said  that  for  all  life  tbere  is  a  degree  of 
lemperatore  which  is  more  favorable  than  any  other  to  its  perfect 
de?elopmeot.    The  limits  of  temperaCare  thas  favorable  to  a  givea 
dasa  are  sarpriBingly  narrow.    This  is  especially  true  in  the  case  of 
microbes.    The  bacilias  of  butyric  fermeutatiou  is  most  active  at  40o. 
At  12^  it  multiplies  more  rapidly,  but  diiuinisbes  in  activity.    At  45° 
it  DO  longer  effects  fermentation.    For  alcoholic  fermentation  the  roost 
furorable  point  is  betweeu  25<^  and  3(K>,  althongh  it  ceases  at  zero — the 
freezing  point,  and  at  100^ — the  boiling  point.    The  microbe  of  car- 
banciilar  diseases  thrives  at  37°  to  3U°.    At  11°  It  dies.    Oonvinoiug 
evidence  of  this  is  given  by  Past«nr,  who  has  shown  that  a  fowl  in 
aoTwal  condition,  its  temperatnre  being  from  41°  to  43°,  can  not  become 
inoculated  with  a  disease  of  this  kind.    If  you  cool  the  fowl  artificially 
by  means  of  cold  water,  so  that  its  temperature  diminishes  2°  or  3°, 
the  microbe    maltiplies  abaadantly  in  the  blood  of  the  fowl  and 
tills  it,  at  least  if  the  cooling  process  is  continHeil.    If  that  ceases,  a 
Tetarn  to  the  normal  condition  of  the  animal  will  dissipate  the  disease. 
A  temperature  of  35°  is  most  favorable  to  lactic  fermentation.    The 
fennentatioD  of  putrid  matter  is  less  restricted.    It  is  carried  on  any- 
where from  0°  to  40°,  although  the  most  favorable  points  are  between 
15°  and  35°.    Examples  of  this  kind  may  be  given  in  great  Dumbera. 
What  is  more  interesting,  however,  than  this  enumeration,  is  the  study 
of  the  results  which  are  induced  by  subjecting  a  given  microbe  to  a 
degree  of  temperature  higher  thau  that  which  is  best  adapted  to  it,  not 
Bofficiently  high,  however,  to  be  fatal  to  its  existence.    Very  evident 
modifications  nre  by  this  means  produced  in  its  physical  condition.    It 
becomes  weakened,  and  tbere  is  a  marked  diminution  in  its  vitality. 
This  fact  is  tbe  basis  of  the  interesting  processes  of  preventive  vaccina- 
tioDB,  of  which  Pastenr  has  given  us  so  many  striking  and  useful  exam- 
ples.   Only  a  slight  increase  of  temperature  is  needed  to  transform  a 
dnngeroas  microbe  into  an  invaluable  auxiliary  in  the  art  of  healing  or 
preveutiug  infections  diseases.    On  tbe  contrary  spores  of  bacteria  can 
be  subjected  to  considerable  variations  of  temperature  without  being 
productive  of  any  modificatious.    These  spores  withstand  admirably 
ntremcs  of  temperatare,  for  instance  —100°  and  -f  100°,  the  bacteria 
vbich  spring  from  these  losing  uone  of  their  virulence.    Some  species 
}f  bacteria  may  be  frozen  for  many  months  and  live.    This  is  true  of 
lie  bacteria  of  typhoid  fever,  according  to  Fraenkel  and  Prudden. 
Contrary  to  the  general  impression,  congealing  does  not  purify  impure 
"ater. 

It  is  interesting  to  note  that  the  sensibility  of  common  leavens,  as 
^ferred  to  tbeir  thermic  variations,  is  repeated  in  soluble  leavens — 
that  is  to  say,  with  the  products  of  the  activity  of  certain  cellnles,  which 
iihibit  some  of  the  qualities  of  the  ordinary  leavens.  Thus  pe[)sin  is 
ictive  anywhere  between  37°  and  40°,  At  50°  it  acts  in  a  less  degree, 
twcoming  almost  inactive  at  90°.    The  pancreatic  juice  exercises  Its 
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chemical  action  moet  thoroughly  at  40°.  At  20°  it  acts  sligktJy,  and  at 
60°  its  actioo  ceases  entirely.  In  considering  the  tissaes  of  complex 
organisms,  we  ascertain  analogous  phenomena.  Protoplasms  of  dif- 
ferent organisms,  althoagh  they  are  often  supposed  to  be  identical, 
present  very  uneqnal  opposition  to  thermic  variations.  In  one  case  it 
dies  at  30°  or  20°,  in  others  it  lives  at  0°,  at  -6°,  at  -10°  (Noiden- 
skiold).  We  know  that  eggs  of  birds  require  for  their  development  a 
teniperatare,  narrow  in  limits,  which  can  not  be  overstepped  without 
destroying  the  embryo,  or  prodaoing  malformations.  Eggs  of  inverte- 
brates are  somewhat  similar,  but  their  ezigeuctes  are  less  restiicted, 
and  they  accommodate  themselves  to  greater  differences  of  temperatnre. 

Every  being,  to  live  and  move,  requires  environment  of  a  certain 
temperature.  Some  ar«  less  exacting,  and  adapt  themselves  to  varia- 
tious;  others,  on  the  contrary,  can  not  endnre  even  slight  changes. 
Some  seek  the  cold,  others — beat;  but  all  in  a  jnarked  manner,  as  we 
know  from  the  difficulties  experienced  iu  acclimating  species  to  a  new 
climate.  A  few  examples  will  not  be  out  of  place.  The  polar  regiou, 
with  ita  prolonged  and  rigorons  cold,  and  our  high  summits,  always 
clothed  with  a  mantle  of  ice,  prodnce  a  fauua  and  flora  which  is  peculiar 
to  them.  In  these  regions,  where  man  is  able  to  exist  only  at  the  cost 
of  a  considerable  effort,  there  are  mammals,  insects,  plants  of  all  kinds, 
which  can  reach  here  only  their  full  growth  and  perfect  developm^t 
In  a  temperate  or  wai-in  climate  they  lose  their  vitality  and  pen^ 
never  in  reality  becoming  acclimated.  Warm-blooded  animals  whtd 
live  in  these  regions  have  the  same  temperature  as  their  co-speciea  in 
warm  climates.  They  maintain  themselves  by  appropriate  food  and 
a  heavy  growth  of  fur,  discarded  by  them  when  the  weather  moderatxa. 
Captain  Black  has  observed  in  Siberia  when  the  eztemat  temperatniv 
was  at  — 36°,that  the  temperature  of  a  fox  was  41°,  making  a  difFerenoB 
of  76°.  The  reverse  of  these  polar  regions  and  glaciers  are  the  bot' 
springs.  Here  also  we  find  a  characteristic  fauna  and  flora,  itlaqf; 
observers  have  drawn  up  a  list  of  sea  weeds,  infusorials,  and  fan^ 
living  in  the  waters,  the  temperatnre  of  which  varies  from  60°,  60°, 
even  90°  C,  and  that  thrive  and  multiply. 

Between  the  coldest  regious,  which  some  species  delight  in,  aad 
hot  springs,  or  the  tropical  regions,  where  others  attain  their  higfaeri 
development,  we  find  grades  of  organisms  whose  resistance  to  extrei 
of  temperature  is  less  and  which  prefer  more  temperate  snrroundin 
manifesting  a  partiality  for  such  and  such  a  point  in  the  thermic 
To  be  assured  of  these  preferences  one  has  only  to  oonsult  the  doori 
uients  showing  the  distribution  of  species  and  their  acclimation,  ttt 
most  curious  fact  disclosed  by  the  preceeding  data  is  the  great  _ 
auce  of  the  protoplasm  of  certalu  creatures  to  temperatares,  vhiid|| 
judging  from  other  cases,  one  would  suppose  must  be  fatal.  The  pM 
toplasui  iu  certain  cases  can  sustain  a  temperature  of  zero,  or  lov) 
still,  and  others  can  live  at  90°  and  even  higher  temiieratarea.    Thisj 
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aremarkable  fact  wbicb  neither  physiologists  nor  chemistB  are  able  to 
eiptaJD. 

In  gliort,  there  exists  among  orgatiisms  a  certain  namber  of  species, 
vegetable  or  animal,  able  to  withstand  extremes  of  temperature,  and 
to  live  Dormallf  therein,  while  the  mtyority  can  live  only  in  more  uni- 
form and  moderate  teniperatores.  We  will  now  see  by  what  means  the 
diSereat  organisms  withstand  or  snccomb  to  temperatures,  other  than 
tbose  to  which  they  natarally  accomodate  themselves,  and  to  what 
iofloeuces  they  are  suhjected. 

I^tQB  consider  first  heterothermic  organisms,  or  cold-blooded  animals, 
which  follow  the  oscillations  of  the  sarronndiug  atmosphere,  and  the 
temperature  of  which  rises  and  falls  proportionately  on  account  of  the 
absence  of  the  regtilatiog  apparatas  by  which  tbey  conld  control  their 
OTD  production  and  loss  of  heat.  These  organisms  possess  a  sensibility 
wliicli  is  regardless  of  Variations  in  their  temperature.  They  can  nn- 
dergo  with  impunity  oscUlatioDS  in  the  atmosphere  about  them  which 
would  endanger  the  life  of  warm-blooded  animals,  possibly  destroying 
it  entirely.  The  latter,  man  included,  can  not  live  a  moment  if  their  in- 
ternal temperature  exceeds  about45°(113°F.)  The  cold-blooded  animals 
can  vary  their  temperature  witbiu  very  considerable  limits.  The  enu- 
Bfration  of  the  latter  would  not  be  particularly  interesting;  it  is  suffi- 
cient to  say  that  the  temperature  of  cold-blooded  animals  of  our  conn- 
tnes  varies  according  to  circumstances  from  0°  to  35°  and  40°.  That 
which  arrests  our  attention  is  the  summing  up  of  the  influence  of  differ- 
ent temperatures  on  the  functions  of  these  animals.  As  a  matter  of 
worse,  tetnperatDres  exist  which  are  not  deadly,  which  are  consistent 
with  the  life  of  these  creatures.  We  shall  see  later  in  what  way  the  ex- 
twoieB  of  temperature  act 

It  is  a  well-substantiated  &ct,  by  means  of  experiments  which,  though 
MtnomerouB,  are  very  exact,  that  there  is  for  every  living  creatnre  a 
l^ree  of  heat  which  is  absolutely  indispensable  in  order  that  its  devel- 
^eut  be  as  complete  as  possible.  On  this  point  we  have  had  for 
<«Teral  years,  thanks  to  the  valnable  labors  of  Boassingault,  most  inters 
^ng  data.  Being  given  a  certain  vegetable  we  can  estimate  that  the 
>oie  which  elapses  between  the  appearance  of  its  vegetation  and  its 
omplete  maturity  is  short  in  proportion  to  the  height  of  the  tempera- 
ore  at  which  it  vegetates,  and  long  in  proportion  to  its  degree  of  low- 
^  exception  being.made,  let  it  be  understood,  of  thermic  conditions 
'hich  are  daogeroos  or  fatal.  Otherwise  stated :  Being  given  a  plant 
'hich  lives  between  15°  and  30°,  of  which  the  thermic  optimum  is  25°, 
»  derelopmeDt  will  be  slower  in  a  constant  temperature  of  15°  than  in 
ne  of  20°  to  25°,  and  the  retardation  is  proportionate  to  the  thermic 
■ffereace.  It  seems  that  in  whatever  latitude  or  climate  it  thrives, 
i«re  exists  there  for  the  plant  just  the  qaantity  of  beat  necessary  for 
i  development  It  is  easy  to  prove  that  this  hypothesis  is  exact  and 
)nfonD8tothe  facte  of  the  case.    The  following  is  an  example:  Proini 
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the  da;  when  a  seed  germinates  to  the  moment  when  the  plant  leubee 
its  maturity  an  aperage  is  taken  of  the  temperature  for  each  cycle  of  24 
hours.  Afterwards  an  average  is  made  of  these  averages  for  alt  ttio 
period  which  has  passed  between  the  two  momeats  nieutionod  above  and 
this  average  is  to  be  multiplied  by  the  uumberof  days  which  have  passed. 
Suppose  this  action  of  tbe  plant  has  taken  90  days,  and  that  the  aver- 
age of  averages  is  17,  then  yon  obtain  the  figure  1530,  which  represents 
tlie  degrees  of  heat  furnished  iu  90  days, — a  day  being  taken  as  a  anit  of 
time.  A  very  interesting  fact  is,  that,  if  tbe  same  observations  are  made 
with  the  same  species  of  plant  under  dittiereat  thermic  oouditions,  or  in 
a  different  climate,  the  same  figure  is  obtained,  although  the  nnmber 
of  days  necessary  to  the  development  may  vary  from  simple  to  treble, 
according  to  the  climate.  The  study  of  vegetable  physiology  is  rich  in 
interesting  facts  from  the  staudpoiut  which  is  now  occnpied.  Iu  this 
way  different  seeds  are  very  differently  iufineuced  by  cold.  One  does 
not  germinate  below  15%  while  others  germinate  at  4°,  and  still  others 
at  zero.  One  plant  developes  best  at  a  temperature  which  ia  fatal  to 
another. 

In  the  animal  kingdom  analogous  facts  have  been  observed  in  a  very 
exact  manner.  A  little  fresh-water  moUusk  (lymnde)  furnishes  Carl 
Semper,  the  learned  zoologist  of  Wilnsbarg,  with  very  interesting 
facts  in  this  oonuection.  Below  12°  this  animal,  although  leading  an 
active  life  and  tAking  its  food  regularly,  underwent  no  growth,  though 
it  was  able  to  reproduce,  its  eggs  developing  perfectly.  From  12°  to 
25°  (which  is  its  most  favorable  temperature)  its  assimilatioa  was  per- 
fect, and  the  animal  grew  and  developed.  Semper  remarks  that  these 
moUusks,  subjected  permaneutly  to  a  temperature  of  10^  or  12°,  remain 
email  and  cease  to  develop.  They  produce  a  dwarfed  breed,  vhich  in 
their  turn  reproduce  normally,  remaining,  however,  smaller  thao  the 
other  lymn^es.  On  the  other  baud,  an  unnatarally  large  species  can  be 
produced  by  maintaining  the  mollnsks  by  artificial  means  at  the  highest  i 
point  of  temperature.  There  is  still  another  fact  which  accords  with  that 
of  which  we  have  just  spoken.  A  well-known  naturalist,  Mcebiua,  has 
discovered  that  the  same  species  of  marine  mollnsks  commoo  to  the 
Baltic  and  to  the  coast  of  Greenland  differ  greatly  in  size.  At  tbe 
Baltic  tbey  are  small  and  have  a  thin  shell,  while  on  the  coast  of  Green- 
land they  are  much  larger  in  size  and  are  provided  with  a  thick  shell. 
This  is  explained  by  the  fact  that  iu  the  Baltic  the  variations  of  tem- 
perature are  more  frequent  aud  the  cold  is  more  intense  than  in  Green- 
land, in  consequence  of  which  the  development  of  the  mollusk  is  more 
difficult  and  intermittent. 

Temperatures  lower  than  this  most  favorable  point  have  a  marked 
effect  upon  animals  and  plants,  which  shows  itself  in  the  latter  by  a 
retardation  of  development  which  at  the  same  time  becomes  less  com- 
plete. On  the  contrary,  temperatures  not  fatal,  but  relatively  high  io 
regard  to  their  natural  conditiou,  favor  their  growth,  which  becomes 
proportionately  rapid  and  complete.   It  is  thas  with  the  eggs  of  oertain 
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species  of  craelace:!,  aa  the  aput  and  branchipus,  wbich  develop  between 
0°  sod  +-Ui°,  accotD|>li8biDK  their  complete  evolutioa  in  24  hours  at  a 
temperature  of  30°,  while  between  1C°  and  20°  it  takes  weeks  toobtuiD 
the  same  result.  Tadpoles  hatch  in  10  days  at  a  temperature  of  15.5°; 
at  10.5°  it  requires  15  days.  Kotice  bow  varions  are  the  reqairemeiit» 
of  different  creatures  in  the  matter  of  temperature.  That  of  30°,  so 
lacorable  to  branchiput,  is  fatal  to  many,  excepting  the  entire  animal 
life  of  Arctic  seas,  and  also,  as  I  have  already  shown,  a  number  of  spe- 
cies of  the  Hediterraueao,  especially  those  which  inhabit  the  seashore 
and  can  not  adapt  themselves  to  temperatures  in  pools  heated  by  the 
samiuer  snn. 

There  is  therefore  for  every  species  a  certain  temperature  at  which  de- 
velopment is  most  rapid  and  life  most  easy.  The  limits  of  this  thermio 
condition  vary  coosiderabty  according  to  the  species  and  even  the  va- 
riety. Subjected  to  the  influence  of  a  lower  temperature  than  that 
vhich  is  most  favorable,  each  animars  development  is  retardetl,  in  dif- 
ferent degrees,  and  often  fails  to  attain  perfection.  If  exposed  to  a 
higher  temperature  than  that  which  is  bwt  adapted  to  them,  distarb- 
ances  are  prodnced,  alimentation  becomes  impaired,  and  the  animal— > 
or  vegetable — begins  to  pine,  as  is  also  the  6ase  with  man  in  excessively 
hat  climates. 

This  influence  of  temperature  on  life  is  not  only  manifested  in  de- 
gree and  rapidity  of  development,  it  also  appears  in  other  phenom* 
eaa;  coloration,  for  instance.  In  this  way  Weissmanu  has  shown  that 
two  butterflies,  Vatusga  levana  and  Vanessa  prorsolevanaf  differing  in 
coloration  upon  certain  points,  have  been  looked  upon  as  belonging  to 
two  distinct  species,  whereas  in  reality  they  represent  but  one.  The 
difference  is  simply  a  question  of  temperature.  One  comes  from  an 
egg  laid  during  the  winter,  and  one  from  one  laid  in  the  summer,  but 
It  is  easy  to  obtain  at  will  eitber  variety  from  the  same  egg  by  heating 
or  cooling  artificially,  according  to  the  case.  A  more  important  ques- 
tion is  the  influence  which  the  temperature  exerts  npon  sexual  devel- 
opment. Gold  retards  and  sometimes  arrests  it;  a  certain  degree  of 
tem|>eratare  favors  and  accelerates  it ;  and  it  is  well  known  that  sexual 
development  in  man  himself  is  hastened  by  the  influence  of  a  hot 
climate.  In  Cuba,  and  other  warm  climates,  a  girl  attains  maturity  at 
12  years.  But  the  temperature  must  not  be  too  high  either.  Gmsta- 
cea  kept  for  several  weeks  at  19°  do  not  acquire  sexual  activity,  whereas 
at  9°  or  10°  it  is  acquired  in  2  days. 

Temperature  thus  exercises  considerable  influence  upon  all  organ- 
isms. An  interesting  proof  of  these  efl'ccts  on  theintensity  of  life  (if  it 
nay  thas  be  calleil)  is  furnished  by  a  study  of  the  influence  exercised 
by  this  factor  on  the  action  of  poisons  and  medicines.  Alexander  von 
Hnmboldt,  and  after  him  many  investigators,  have  noted  that  this  ac- 
tion is  more  instantaneous  and  rapid  in  high  temperatures  (which  are 
neither  fatal  nor  dangerous  in  themselves)  than  at  a  lower  degree. 
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OcoasiODally  io  the  latter  case,  a  potson  becomes  perrectl;  iDaotive  and 
iuoffenaive,  attbougb  it  wonld  prove  deadly  if  the  temperature  roee  a 
few  degrees.  This  fact  is  now  well  auderstood,  aud  accoaot  of  it  is 
taken  in  dealing  with  toxi<K>logy.  This  explains  the  freqaeot  coDtra- 
dictions  between  the  coDclusioDs  of  different  investigators,  becaose 
tbey  have  not  experimented  under  the  same  thertnio  conditions,  and 
moBt  of  them  have  failed  to  note  the  exact  temperatare.  Anotlier 
proof  of  temperatare  on  the  general  fdncttoDs  of  the  organism  is  the 
proof  fnrnished  by  a  comparative  study  of  the  resistance  of  beings  to 
asphyxia.  When  the  temperature  is  low,  asphyxia  is  slower  and  mote 
difficult  A  frog  immersed  in  water,  ita  head  covered,  and  only  cota- 
neoas  respiration  possible,  will  survive  from  6  to  8  honrs  with  the  water 
at  0°.  At  IS'^  or  16°  it  will  only  live  a  fourth  of  this  time.  To  consider 
another  phase  of  the  same  question :  poisonous  plants  are  more  deadly 
under  thermic  conditioas  favorable  to  their  growth  than  when  strug- 
glittg  to  live  in  an  atmosphere  colder  or  wanner  than  that  adapted  to 
their  peculiarities. 

We  have  been  considering  so  far  the  ioflnence  of  thermic  variations 
which  are  not  of  necessity  deadly.  We  will  now  turn  onr  attention 
to  those  which  are  fatal  iu  their  effects,  first  observing  that  the  ef- 
fects vary  according  to  the  species,  and  also  according  to  certain  con- 
ditions, some  intrinsic  or  inherent  in  the  organisms,  others  extrin^e  or 
relative  to  the  conditions  under  which  the  thermic  extremes  occur.  It 
is  well  known,  for  example,  how  anequal  is  the  resiatance  of  vegeta- 
bles and  seeds  toextremesof  heatand  cold.  Some  freeze  easily,  othen 
with  difficulty.  It  depends  much  upon  their  bulk  and  the  proportion 
of  water  contained  iu  their  tissues.  Some  do  not  die  immediately  after 
free^Jng,  even  when  the  thawing  is  rapid,  others  only  survive  when  the 
thawing  is  slow  and  gradual.  A  very  important  factor  is  the  condition 
of  the  vitality.  We  know  that  spores  of  bact^ia  and  seeds  of  plants 
withstand  degrees  of  tempeiatare  at  which  neither  bacteria  nor  plants 
could  live.  This  fact  is  so  well  known  that  it  is  only  necessary  to 
touch  upon  it. 

It  may  seem  strange  that  torpid  organisms  have  more  resistance  than  j 
the  higher  species  to  adverse  circumstances ;  yet  it  is  true  that  thelesi 
active  the  life  the  less  vulnerable  it  is,  and  less  can  exterior  forces  dis- 
turb the  ftiDctions  which  are  already  almost  dormant  and  torpid.  Cold 
kills  a  great  number  of  the  lower  organisms  by  reason  of  the  disoi^an- 
ization  of  the  tissues  which  takes  place  when  congealed,  and  this  dis- 
organization is  complete  in  proportion  to  the  amount  of  water  which 
the  tissues  contain.  There  are,  however,  mauy  organisms  among  the 
cold-blooded  class  which  die  before  they  reach  the  point  of  freezing, 
luvertebrates  and  planta  belonging  to  warm  dimatee,  as  well  as  many 
microbes,  succumb  when  the  thermometer  has  only  reached  W>.  In 
which  case  the  method  of  death  is  different,  it  being  produced  by  a 
Blaokeoing  of  all  the  functions.    Extreme  heat  kills  plants  and  a 
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oTtbe  co]d-blooded  class  at  difiTereut  degrees  of  inteusity,  being  mucb 
higbtrr,  however,  thao  those  at  which  wann-blootled  species  sacciimb. 
Jij  tbeoue  case  they  are,  in  plain  language,  dried  up,  the  beat  depriving 
the  tissues  aud  fuuctions  of  the  water  necessary  to  their  existence;  in 
(he  other,  the  vital  material  coagulates  aud  life  is  no  longer  possible, 
this  cause  being  the  more  general  one.  Tiiis  congealing,  however,  is 
not  always  fatal,  even  in  the  case  of  animals  of  high  organization.  It 
has  long  been  known  that  in  the  northern  part  of  America  and  Russia 
travelers  transiKirt  firozen  fishes, rigid  and  brittle,  which  being  placed 
in  water  of  a  temperature  of  8°  and  1<P  regain  their  activity,  although 
Ihey  may  have  been  frozen  for  10  or  12  days.  Science  has  refused  to 
believe  these  statements,  but  careful  experiments  have  authenticated 
tbem.  In  1828  and  1829  Oaymard  froze  several  toads  thoroughly,  and 
they  returned  to  their  normal  condition  and  activity  on  being  thawed. 
Care  must  be  taken  that  both  the  freezing  and  thawing  are  gradual. 
This  is  the  principal  precaution  to  be  taken  In  making  experiments  of 
this  sort.  The  great  English  naturalist,  Hunter,  believed  that  the  life 
of  man  conid  be  prolonged  by  being  frozen  ftY>m  time  to  time.  He 
thought  that  if  fhwen  and  revived  several  times  in  the  course  of  a  few 
years  the  limits  of  life  could  be  considerably  extended.  Unfortunately 
the  experiment  brought  death  instead  of  prolonging  life. 

Let  us  DOW  consider  the  warm-blooded  organisms,  the  creatures  whose 
temperature  is  more  stable  and  does  not  follow  the  thermic  variations 
ia  the  atmosphere  about  tbem.  A  mammal  or  a  bird  withstands  a  con- 
siderable amount  of  cold.  If  indigenous  to  a  cold  region,  protected  by 
thick  fur  or  warm  plumage,  and  in  a  position  to  secure  the  nourishment 
it  needs,  it  can  live  in  a  temperature  at  50°  below  zero,  its  own  tem- 
Iteratnre  remaining  fixed  and  normal.  It  is  true  also  of  man,  who  by 
protecting  himself  by  appropriate  clothing,  easily  withstands  quite  as 
low  points  of  temperature,  particularly  if  there  is  an  absence  of  wind. 
We  all  know  by  experience  that  a  moderately  cold  temperature  with 
wind  blowing  is  mnch  harder  to  bear  than  intense  cold  without  wind. 
The  explanation  of  this  fact  is  very  simjtle.  The  wind  tends  to  con- 
stantly deprive  the  body  of  the  layer  of  warm  air,  which  forms  between 
the  body  and  the  clothing,  and  to  facilitate  radiation  and  loss  of  beat 
by  substituting  for  it  cold  air. 

But  wbat  happens  under  experimental  or  natural  conditions  when 
an  animal  or  man  is  subjected  to  the  action  of  intense  coldf  The  organ- 
ism withstands  it  for  a  certain  length  of  time,  but  this  endurance  has 
its  limits,  variable,  it  is  true,  according  to  species  and  conditions.  A 
moment  necessarily  arises,  if  the  cold  be  sufficiently  severe  or  prolonged, 
when  the  organism  is  no  longer  in  a  state  to  generate  sufiScient  heat  to 
withstand  the  cold  or,  what  is  practically  the  same,  when  the  loss  is 
too  considerable  though  the  generation  were  sufficient.  From  that 
moment  the  temperatureof  the  animal  begins  to  decrease.  This  dimi- 
nnUon  is  compatible  with  life  up  toacertainpoint,  which  varies accord- 
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ing  to  the  specieB.  Some  aDJmals  oan  live,  their  temperstare  being  is 
lour  as  15°  or  2(P.  The  temperature  of  a  rabbit,  for  example,  can  M 
from  38°  or  40°  to  20°.  That  of  man  may  fall  to  2Co,  25°,  and  even  W 
withont  resolting  in  death ,  according  to  anthentic  obaervatioua  m»de 
by  Beinke  and  Nicolayssen  upon  drunkards.  It  does  not  seem,  how- 
ever, according  to  Claude  Bernard,  Magendie,  and  other  physiologists, 
that  one  can  witb  impunity  lower  the  temperature  of  wanu-blooded 
animals  belov  20'=>  C.  At  20*3  death  is  almost  inevitable;  below  that 
poiDt  it  is  certain.  The  nervons  system  is  destroyed,  involving  tlie 
entire  organism.  The  blood  becomes  weakened  and  nneqaol  toper- 
form  its  work. 

Surgeons  of  large  armies  have  left  as  valuable  information  concern- 
ing the  effects  of  intense  cold  on  hnman  beings.  In  the  case  of  meo 
who  are  tired  andjaded,  intense  cold  is  immeiliatcly  fatal — especially 
where  it  is  a  sadden  immersion  in  very  cold  water,  for  in  this  case  the 
loss  of  bodily  heat  is  greaL  Larrey  states  that  in  crossing  the  Etereeina, 
men  perished  instantly  upon  entering  the  wat«r,  and  Virey  and  Desgea- 
ettes  testify  to  similar  cases.  With  some  death  was  cansed  by  cerebral 
congestion,  with  others  it  was  caused  by  ansmia  of  the  brain.  When 
tbe  action  of  the  cold  is  less  sadden,  but  more  prolonged,  the  result  is 
otherwise.  A  general  benumbing  of  the  body  takes  place, — of  the  senses, 
the  brain,  tbe  intelligence,  a  gradual  torpor,  an  invincible  sleep  from 
which  none  awnke.  "Whoever  eeats  himself,  falls  into  a  sleep,  and 
whoever  sleeps  awakes  oo  more,"  said  Solander.  Death  is  prodaced  by 
a  slow  paralysis  of  (he  nervous  system  or  by  asphyxia. 

Warm-blooded  animals  are  enabled  to  resist  the  cold  by  reason  of 
their  very  active  tbermogenesis,  which  prevents  them  from  becoming 
chilled.  Bat  once  let  their  resistance  be  overcome  and  they  snccnmb 
to  much  higher  temperatures  than  those  which  overcome  cold-blooded 
organisms.  Many  of  tbe  latter  can  eadare  10<>,  S'^audeven  0°  witbout 
perishing.  The  former  die  when  once  their  internal  temperature  falls 
below  18°  or  20°.  A  more  forcible  reason  why  the  latter  can  not  reiiist 
intense  cold  is  because  it  destroys  the  portion  congealed  and  therefwe 
the  entire  organism. 

Life  is  also  difflcnlt  at  high  temperatures.  Man  and  some  animals 
can,  it  is  true,  remain  several  minutes  in  a  sweating-room  in  which 
the  temperature  is  very  high — even  100°,  120°,  and  130°  (Tillet  and 
Dtthamel,  Delaroohe  and  Berger,  etc.) — but  under  these  conditions  the 
stay  is  always  very  short;  if  prolonged  beyond  10  or  15  minutes  the 
experience  would  prove  fatal.  The  perspiration  is  so  excessive  that  it 
produces  a  loss  of  the  heat  which  is  necessary  to  counterbalance  tbe 
temperature  to  which  tbe  atmosphere  tends  to  subject  the  organism. 
There  is  another  point  to  be  noticed.  Air  is  a  bad  conductor,  and  hot 
air  beats  tbe  body  incomparably  less  than  water  subjected  to  tbe  ioAft- 
enoe  of  heat.  Water,  on  the  contrary,  is  an  excellent  condactor.  It  is 
impossible  to  endure  for  any  time  the  contact  of  water  at  S0°  and  GO". 
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Hoist  air  18  a  better  condactor  tban  ilry  air,  and  it  is  still  better  if 
charged  with  steam.  Tlias  mao  can  easily  remain  for  10  minutes  ia 
a  aveating  room  of  dry  air  at  00°  or  100°,  but  could  not  eiidnre  the 
same  length  of  time  in  moist  air  atereo  a  iowet  tem[>ei'ature.  He 
wonld  soon  be  overcome  in  the  latter  case  at  90°  or  100°.  That  which 
isteaeofhigh  temperature  is  naturally  true  also  of  low.  Dry  air  ia 
not  M  good  a  cooductor  as  moist,  and  moist  air  is  inferior  to  water  as 
a  condactor.  Cue  can  lire  in  air  at  degrees  of  cold  wliich  would  sarely 
be  fatal  if  the  environment  were  a  liquid.  We  have  already  stated 
how  weak  is  the  resistance  of  warm-blooded  organisms  to  high  degrees 
of  temperature.  Id  fact^  in  spite  of  perspiration  aud  exhalations  of 
vapor  by  the  lungs,  it  is  often  impossible  for  the  equilibriam  to  be 
maintained,  and  the  organism  becomes  overheated.  Its  temperature 
can  be  increased  very  little  withont  being  latal.  It  endures  a  decrease 
of  16°  or  20°  in  its  internal  temperature,  while  an  increase  of  more 
Uiao  6°  or  6°  would  be  dangerous.  If  the  temperature  of  man  or  mam- 
mal reaches  44°  or  46°  death  resnito.  Birds  can  exist  at  a  point  some- 
what higher.  First  comes  a  period  of  great  excitation  and'  convnlsious, 
from  which  it  falls  into  a  comatose  state,  followed  by  death.  This 
result  has  not  yet  been  elucidated  as  clearly  as  desirable.  Death 
Duder  all  circamstauces  is  snGBciently  complex,  but  its  complexity 
varies  according  to  its  conditions.  There  are  dis-arraugements  in  the 
chemistry  of  the  muscles,  a  portion  of  which  uudergoes  a  change. 
There  are  affections  of  the  blood  which  may  be  lacking  in  oxygen 
though  not  presenting  indications  of  any  particular  poison.  Notwith- 
standiDg  Olande  Bernard,  it  ia  the  thermic  rigidity  and  the  muscular 
injary  which  ate  most  serious.  These  are  of  themselves  sufficient  to 
cause  death,  for  their  effect  is  to  arrest  respiration  and  circulation. 

lu  coDclosioQ  we  can  say  that  there  is,  in  the  case  of  heterotbermic 
organisms,  great  endurance  of  intense  cold,  aud,  to  a  certain  extent,  of 
heat,  despite  the  very  marked  action  of  thermic  variations  upon  their 
organizations.  In  the  case  of  bomeothermic  organisms  we  find  moder- 
ate endorance  of  low  temperature,  and  very  little  resistance  to  an 
increase  of  internal  temperature.  For  tbeu  a  low  temperature  is  accom- 
panied with  much  less  danger  than  a  high  one.  The  former  has  to  be 
pronoQDced  to  entail  death,  whereas  a  slight  rise  of  temperature  t>eyond 
a  certain  point  will  produce  immediate  and  fatal  results. 

Between  these  two  classes  of  organisms  there  is  another  group  called 
hibernating  animals.  These  are,  for  the  most  pait^  rodents,  which,  at 
the  approach  of  cold  weather,  make  an  nndergronnd  habitation  well 
covered  with  moss  and  other  substances,  where  they  remain  motionless, 
rolled  ap  like  a  ball,  during  the  bad  season,  sleeping  during  the  entire 
time,  torpid,  neither  eating  nor  drinking.  With  these  animals  Iho 
internal  temperatnre  becomes  very  low,  following  somewhat  the  ther- 
mic variations.  They  scarcely  breathe.  Their  respiratory  combustions 
diminish,  and  their  temperature  descends  to  20°,  13°,  and  10°,  and  even 


428  TEMPEBATURE  AND  LIFE. 

lower.  Horwatli  has  stated  that  the  temperatnTe  of  a  hiberoatiBg; 
marmot  reached  2°.  As  sood  as  warm  weather  returns  they  wake  ap, 
become  active,  and  their  temperature  becomes  normal.  They  are  ranch 
leaner  than  before  tbeir  winter's  sleep,  having  lived  for  several  montlis 
on  tbeir  own  accumulation  of  fat.  Bere  ia  an  animal  altematel;  warm 
blooded  and  cold  blooded  in  summer  and  winter.  The  cause  of  thia 
strange  alternation  has  not  yet  been  explained  and  is  exceedingly  bom- 
plicated.  With  them  the  thermic  prodnctiou  is  relatively  slight.  It  ia 
cold  tbat  determines  the  hibernal  sleep,  for  it  is  easy  to  produce  tbis 
by  snbjecting  the  animal  to  prolonged  cold  by  artificial  means.  Ko 
investigations  to  my  knowledge  have  been  made  of  the  resistance  of 
this  species  of  animals  to  beat.  I  mean  to  say,  of  the  elevation  of 
internal  temperature  above  the  normal  level  of  the  summer,  but  it  is 
not  to  be  supposed  that  their  endurance  would  be  as  great  as  in  case 
of  extremes  of  cold. 

This  class  of  hibernating  animals  unite  the  heterothermic  and  home- 
othermic  species,  and  serve  to  show  once  again  tbat  everything  in 
nature  ia  related.  Sudden  leaps  are  no  longer  held  to  exist  in  the  phy- 
siology of  creatures  which  are  similar  in  organic  structure;  science 
finds  everywhere  transitions. 

Finally,  all  iiving  organisms  generate  beat,  more  or  less  it  is  tme, 
according  to  their  activity  and  their  stractare,  bat  all  produce  it.  In 
the  same  manner  all  organisms  submit  to  the  influence  of  the  sorroand- 
ing  atmosphere,  although  all  do  not  follow  the  variations.  For  each 
there  is  a  degree  of  heat  which  is  best  adapted  to  its  perfect  develop- 
ment. All  die  as  soon  as  the  external  temperat  nre  reacts  on  the  internal 
temperature  to  such  an  extent  tbat  the  latter  is  carried  above  or  below 
a  certain  point.  The  only  difference  is  in  the  facility  with  which  this 
action  of  the  external  temperature  operates  upon  the  internal  tempera- 
ture of  the  organism. 
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MOBPHOLOGY  OF  THE  BLOOD  CORPUSCLES.- 


By  Chables-Sbdowice  Minot. 


If  one  goes  througfa  tfae  very  extensive  literatare  dealing  with  blood 
corpuficles  one  flnda  the  most  divergeut  views  defended,  and  caq  hardly 
reach  clear  ideas,  for  the  conceptions  do  not  agree  amoug  themselves, 
either  as  to  their  structure  or  as  to  the  development  of  the  corpuscles. 
According  to  some  the  red  corpuscles  arise  from  the  white;  according 
to  otbeis  the  white  corpuscles  arise  from  the  red ;  and  according  to  still 
others  both  kinds  arise  from  iodiSerent  cells.  In  regard  to  one  point 
only  is  the  m^ority  of  investigators  nnited,  namely,  in  the  silent 
aggamptioD  that  all  blood  corpuscles  are  of  one  and  the  same  kind  in 
spite  of  the  absence  of  the  nncleas  in  mammalian  corpuscles.  It  is  just 
tliis  assamption  that  has  caused  endless  confusion,  and  the  morphology 
of  the  blood  corpascles  can  be  cleared  op  only  by  starting  with  the 
recognition  of  the  ftandamental  difference  between  uacleated  and  non* 
nacleated  corpascles.  Further,  it  must  be  recognized  that  no  corpus- 
cles, neither  red  nor  white,  arise  from  Dnc]ei. 

The  origin  of  red  corposcles  from  nuclei  has  been  maintained  several 
times.  This  notion  is  based  upon  defective  observations.  It  is  very 
easy  in  the  chick,  for  example,  to  conviuce  oneself  that  tbe  first  blood 
corpascles  are  cells;  in  the  area  vasculosa,  at  the  time  of  the  blood 
fotmatioD,  the  red  blood  cells  are  readily  seen,  in  part  lying  singly,  in 
part  in  groups  (blood  islands),  adherent  to  the  vascniar  walls;  tbe  firee 
cells  are  constituted  chiedy  by  the  nucleus,  which  is  surrounded  by  a 
wry  thin  layer  of  protoplasm,  which  is  very  easily  overlooked,  especinlly  if 
the  preparation  is  not  suitably  stained;  tbisexplains,  I  think,  the  state- 
ment made  by  Balfour  (Works,  vol.  i)  and  others,  that  the  blood  corpus- 
cles consist  ouly  of  nuclei.  By  following  tbe  development  along  further 
we  find  that  the  protoplasm  enlarges  for  several  days,  and  that  during 
the  same  time  there  is  a  progressive  diminution  in  size  of  the  nucleus, 
which  however  is  completed  before  the  layer  of  protoplasm  reaches 
its  ultimate  size.  The  nucleus  is  at  first  granular,  and  its  nucleolus, 
or  nucleoli,  stands  out  clearly;  as  tbe  nucleolus  shrinks  ft  becomes 

■  From  iho  AmirUxtn  iVatiiralitt,  NoT»inb«r,  1890,  vol.  VUV,  pp.  lOW-1023. 
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rooDiI,  and  is  colored  darkly  and  almost  uaiforml;  by  the  nsoal  nadeu 
staina.  Tbis  species  of  blood  corpuscle  occurs  iii  all  vertebratea,  and 
repreaents  the  genuine  blood  cells.  According  to  the  above  doscriptioa 
we  can  distiugnish  three  principal  stages  :  (1)  yoaug  cells  with  very 
little  protoplasm ;  (2)  old  cells  with  much  protoplasm  and  gtanolu 
Ducleas ;  (3)  modified  cells  with  sbranken  DQcleas,  which  colon  Aaikl; 
and  more  uniTormly.  I  do  not  know  whether  the  fiist  form  occore  in 
any  liviug  adult  vertebrate,  although  the  assumptioa  seems  jnstiQed 
that  they  are  the  primitive  tbrm.  On  the  other  hand,  the  second  sUge 
is  obviously  that  characteristic  of  the  Icbthyopsida  in  general,  wbile 
the  third  form  is  typical  for  the  Sanropsida.  Therefore  the  development 
of  the  blood  cells  in  amniota  offers  a  new  ooD&rmatioo  of  Louis  Agas- 
siz's  law  (Haeckd's  Biogenetiobes  Giundgesetz). 

The  blood  cells  of  mammals  pass  through  the  same  metamorpliosea 
as  those  of  birds ;  for  example,  in  rabbit  embryos  the  cells  have  reached 
the  Icfatbyopsidan  stage  on  the  eighth  day ;  two  days  later  the  uadem 
is  already  smaller,  and  by  the  thirteenth  day  has  shrunk  to  its  ttnal 
dimensions. 

The  white  blood  corpuscles  appear  mnob  later  than  the  red  oells.  and 
their  exact  origin  has  still  to  be  investigated,  for  it  has  not  yet  been 
determined  where  they  first  arise  in  the  embryo ;  nevertheless  we  may 
venture  to  assert  that  they  arise  outside  the  vessels.  The  formatioas 
of  leucocytes  outside  of  the  vessels  is  already  known  with  certain^  to 
occur  in  later  stages  as  well  as  in  the  adult  The  sharp  distJoctiDn 
between  the  sites  of  formation  of  the  red  and  white  cells  appears  with 
s|)ecial  clearness  in  the  medulla  of  bone  in  birds,  as  we  know  fromtbe 
admirable  investigations  of  J.  Denys  (La  Cellule,  tome  it).  The  wlute 
blood  corpuscles  then  are  cells,  which  are  formed  relatively  late,  and  i 
wander  into  the  blood  from  outside.  | 

The  nou -uncleated  blood  corpnscles  of  adult  mammals  areentird; 
new  elements  which  are  peculiar  to  the  class,  and  arise  neither  fivm 
red  uor  yet  from  whit«  blood  cells.  Their  actual  development  was  first 
discovered  (so  far  as  I  know]  by  E.  A.  Schafer,  who  has  given  a  detailed 
account  of  the  process  in  the  ninth  edition  of  Quain*8  Anatomy,  aod 
has  shown  there  a  full  appreciation  of  the  significance  of  his  disoovei;. 
Unfortunately  Schafer's  important  investigations  have  received  little 
attention,  Kuborp  has  recently  confirmed  Schafer's  results  in  an  aiti- 
cle  [Anatom.  Anzeiger,  1890)  on  the  formation  of  blood  corpuscles  in 
the  liver.  Oae  can  readily  study  the  process  in  the  mesenter)'  and 
omentum  of  human  and  other  embryos.  The  essential  point  of  Scbifei't 
discovery  is  that  the  noii-nacteate  corpuscles  have  an  intraeeUniK 
origin,  and  arise  by  differentiation  of  the  protoplasm  of  vaso-formative 
cells.  Several  corpuscles  arise  in  each  cell  without  participation  of 
the  Ducluus;  lliey  are  therefore  specialized  masses  of  protoplasm,  and 
may  i>erhaps  best  be  compared  to  the  plastids  of  botanists.  I  venture 
to  propose  the  name  of  blood-plastids  for  these  stnictores,  since  the 
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tenn  corpuscle  (globale,  KSrperchen)  has  no  definite  morphological 
DieaiiiDg, 

Sonsino  {Areh.  Ital.  BioL  xi)  aflQrmB  tliat  the  red  blood  cells  traDS- 
form  themselves  into  plastids.  I  have,  however,  never  been  able  to 
find  the  iutermediate  forms  in  my  own  unmcrous  preparations.  I  deem 
it  probable  that  he  has  seen  merely  the  degenerating  stages  of  the  red 
cells. 

Tbe  present  article  is  an  abstract  of  a  commauication  made  in  Augast 
last  to  the  American  Association  for  the  Advancement  of  Science. 
Siace  thjn  Honrells's  memoir  on  the  blood  corpuscles  has  appeared 
(Journal of  Morpkologg,  IV,  57).  The  aathor  desciibcs  the  ejection  of 
llie  DQcleus  from  tbe  red  cells,  and  believes  that  this  resolts  in  tbe  for- 
mation of  red  plastids.  Tbe  proceea  is,  1  thitib,  really  degenerative, 
aad  tbe  resemblance  between  tbe  uon-uucleated  body  of  the  cell  and  a 
troe  plastid,  is  not  one  of  identity.  Certainly,  nntil  proof  is  offered  tbat 
the  observations  of  Schafer,  Kuborn,  and  myself,  upon  tbe  intra  cellu- 
lar origin  of  the  plastids  are  proved  erroueoos,  the  emigration  of  tbe 
DQcIens  of  tbe  red  cells  cati  not  be  held  to  result  iu  producing  plastids, 
but  only  to  be  degenerative.  That  tbe  red  cells  degenerate  aud  disap- 
pear has  been  known;  Howells's  valuable  observations  indicate  the 
totthod  of  their  destruction. 

The  above  review  shows  tbat  tbe  vertebrate  blood  corpuscles  are  of 
three  kinds:  (I)  red  cells;  (2)  white  cells;  (3)  plastids.  Tbe  red  aud 
white  cells  occnr  in  all  (f  ]  vertebrates ;  the  plastids  are  confined  to  the 
nammala.  The  red  cells  present  tliree  chief  modifications;  whether 
the  primitive  form  occurs  in  any  living  adult  vertebrate  I  do  not  know ; 
the  second  form  is  persistent  in  tbe  Icbthyopsida,  the  third  form  in  the 
Saaropsida.    According  to  this  we  must  distiuguish  : 

A. — One-celled  blood,  i.  e.,  first  stage  in  all  vertebrates;  the  blood 

contains  only  red  cells,  with  little  protoplasm. 
B. — Two-celled  blotid,  having  red  and  white  cells ;  tbe  red  cells 
have  either  a  large,  coarsely  granular  nucleus  (Icbthyopsida), 
or  a  smaller,  darkly  staining  nucleus  (Sauropsida,  mamma- 
lian embryos). 
C. — Plastid  blood,  without  red  cells,  bat  with  white  cells  and  red 
plastids;  occnrs  only  in  adult  mammals. 
Hammaliai)  blood  in  its  development  passes  throngb  these  stages,  as 
veil  as  tbroagh  the  two  phases  of  stage  B,  all  iu  their  natural  sequence ; 
the  outogenetic  order  follows  the  phylogenetic. 

1  pass  by  tbe  nameroua  authors  whose  views  conflict  with  mine, 
partly  becaose  tbe  present  is  not  a  suitable  oceaaion  for  a  detailed  dis- 
cDSftion,  partly  because  those  anthors  who  have  asserted  the  origin  of 
Due  kind  of  blood  corpuscle  by  metamorphosis  from  another  have  failed 
to  find  just  the  i  iiterniediate  forms ;  it  seems  to  me  therefore  that  most, 
at  least,  of  tbe  opposing  views  collapse  of  themselves. 


iiizedbv  Google 


iiizedbv  Google 
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By  Geobgb  J.  Romanes. 


Tho  recently  pablished  traoslation  of  Professor  Weismano's  essays 
on  heredity  anil  allied  topics  lias  aroused  tbe  ioterest  of  the  general 
pDblic  ia  the  system  of  bis  biological  ideas.  But  seeing  that  bis 
sjatem,  besides  beiug  somewbat  elaborate  in  itself,  is  preseuted  in  a 
nries  of  disconnected  essays,  originally  publisbed  at  different  times,  it 
is  a  matter  of  no  »inall  diGBealty  to  gatber  from  the  present  collection 
of  these  essays  a  complete  view  of  tbe  system  as  a  whole.  Therefore  I 
propose  to  give  a  brief  sketch  of  his  several  theories,  nrrnnged  iu  a 
maDuer  calcalated  to  show  their  logical  connection  one  with  another. 
And  in  order  also  to  show  tbe  relation  in  which  his  resalting  theory 
ofheredity  stands  to  what  has  hitherto  been  the  more  nsaal  way  of 
feg!trding  the  facts,  I  will  begin  by  furnishing  a  similarly  brief  sketch 
of  Mr.  Darwin's  theory  upon  tbe  subject.  It  will  be  observed  that 
these  two  theories  constitute  the  logical  antipodes  of  explanatory 
tboaght;  and  therefore  it  may  be  said,  in  a  general  way,  that  all  other 
■Dodem  theories  ofheredity — such  aa  those  of  Spencer,  Haeckel,  Elsberg, 
(laltOD,  Naegeli,  Brooks,  Hertwig,  and  Tries — occapy  positions  more 
jir  less  intermediate  between  these  two  extremes. 

When  closely  analyzed,  Mr.  Darwin's  theory — or  "  provisional  hy- 
pothesis of  pangenesia"'-wil\  be  fonnd  to  embody  altogether  seven 
usmnptions,  viz: 

(1)  That  all  the  component  cells  of  a  mnlti-cellnlar  organism  tbrow 
off  inconceivably  minnte  germs  or  ''gemmnles,''  which  are  then  dis- 
pened  throagbout  the  whole  system. 

[3)  That  these  gemmnlea,  when  eo  dispersed  and  supplied  with 
proper  nutriment,  multiply  by  self-division,  and  under  suitable  condi- 
tions, are  capable  of  developing  into  physiological  cells  like  those  from 
vhieb  they  were  originally  and  severally  derived. 

(3)  That  while  still  in  this  gemmnlar  condition,  these  cell  seeds  have 
fnone  another  a  mutual  afBnity,  which  leads  to  their  being  col1ecte<l 
from  all  parts  of  the  system  by  the  reproductive  glands  of  the  organism ; 
ud  that,  when  so  collected,  they  go  to  constitute  the  essential  material 
of  ^he  sexual  elements,  ova  and  spermatozoa  being  thus  nothing  more 
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tliau  aggregated  pavketftof  gemmnles  wbicb  bave  euiauated  from  all 
tlie  cells  of  all  the  tissuea  of  the  organiBm. 

(4)  That  the  developineiit  of  a  new  organism  ont  of  the  fusion  of  tiro 
such  packets  of  gemmnles  is  dne  to  a  sammation  of  alt  the  <levelo{h 
loents  of  some  of  the  gemmnles  which  these  two  packets  contain. 

(5)  That  a  large  proportional  Dumber  of  the  gemmnles  in  each  packet, 
however,  fail  to  develop,  and  are  then  transmitted  in  a  dormant  state 
to  future  generations,  in  any  of  wbicb  they  may  be  developed  sabse- 
guontly,  thos  giving  rise  to  the  phenomena  of  reversion  or  atavism. 

(6)  That  in  all  cases  the  developmeot  of  gemmnles  into  the  form  of 
their  parent  cell  depends  on  their  suitable  union  wilb  other  partially 
developed  gemmnles,  which  precede  them  in  the  regular  course  of 
growth. 

(7)  That  gemmnles  are  thrown  off  by  all  physiological  cells,  not  only 
during  the  a<lnlt  state  of  the  organism,  but  during  all  stages  of  its  de- 
velopment. Or  in  other  words,  that  the  production  of  these  cell  seeds 
depends  upon  tbc  adult  condition  of  pareut  cells,  not  upon  that  of  the 
multi-cellnlar  organism  as  a  whole. 

At  tlrst  sight  it  may  well  appear  that  we  have  here  a  very  formidable 
amy  of  assumptions.  But  Mr,  Darwin  ably  argues  in  favor  of  each  of 
them  by  pointing  to  well-known  analogies,  drawn  from  the  vitJil  proc- 
esses of  living  cells,  both  iu  the  protozoa  and  metazoa.  For  example, 
it  is  already  a  well-recognized  doctrine  of  physiology  that  each  cell  of  i  ' 
metazoou,  or  multicellular  organism,  though  to  a  large  extent  depend- 
ent on  otberH,  is  likewise  to  a  certain  extent  independent  or  aotomatoos, 
and  has  the  power  of  multiplying  by  self  division.  Therefore,  as  it  is 
certain  that  the  sexual  elements  (and  also  Itnds  of  all  deeoripdons)  in 
elude  formative  matter  of  some  kind,  the  first  assumption — or  that 
which  supposes  snch  formative  matter  to  be  particulate— is  certainly 
not  a  gratnitons  asaamption.  Again,  the  second  assamption — namely, 
that  this  particulate  and  formative  material  is  dispersed  throoghont  all 
the  tissues  of  the  organism — is  sustained  by  the  fact  that  both  in  oer 
tain  plants  and  in  certain  invertebrate  animals  a  severed  portico  of  tlie 
organism  will  develop  into  an  entire  organism  similar  to  that  fkom  whidi 
it  was  derived,  as  fbr  example  is  the  case  with  a  leaf  of  begonia  and 
with  portions  cut  from  certain  worms,  sea-anemones,  jelly -flsbietA.  This 
well-known  fact  in  itself  seems  enoagb  to  prove  that  the  formative  ma- 
terial in  question  must  certainly  admit  (at  all  events  in  many  oases)  of 
being  distributed  throughout  all  the  tissues  of  living  organisms. 

The  third  assamption — or  that  which  supposes  the  formative  mate- 
rial to  be  especially  aggregated  in  the  sexual  elements — is  not  so  mnch 
an  assumption  as  a  statement  of  obvious  fact;  while  the  fourth,  fifth, 
sixth,  and  seventh  assumptions  all  follow  dednctively  from  their  pred- 
ecessors. Id  other  words,  if  the  first  and  second  assnmptioDs  be 
granted  and  if  the  theory  is  to  comprise  all  the  facts  of  heieditjy,  tbeo 
Uie  remaining  five  assomptiona  are  boond  to  follow.  ^ 
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To  the  probable  objection  tbat  the  supposed  gemmales  must  be  of 
impossibly  minate  size — seeiug  that  thousaDds  of  milUous  of  thorn 
would  reqnire  to  be  packed  into  a  siugle  ovam  or  spermatozoou — Hr. 
Darwin  opposes  a  calcnladou  that  a  cabe  of  glass  or  water  Lsviug 
ODly  ooe  ten-thoitsandth  of  an  inch  to  a  side  contains  somewhere  be- 
tween sixteen  and  a  hundred  and  tbirty-oue  billions  of  motecnles. 
Again,  as  touching  the  supposed  power  of  multiplication  on  the  part 
of  his  gemmnles,  Mr.  Darwin  allndes  to  the  fact  that  infectious  mate- 
rial of  all  kinds  exhibits  a  ratio  of  increase  quite  as  great  as  any  that 
his  theory  requires  to  attribute  to  gemmules.  Furthermore,  with 
respect  to  the  elective  affinity  of  gemmnles,  he  remarks  that  "  in  all 
ordinary  cases  of  sexnal  reproduction  the  male  and  female  elements 
certainly  have  an  elective  affinity  for  each  other ; "  of  the  ten  thousand 
species  of  Composite,  for  example,  "there  can  be  uo  doabt  that  if  the 
pollen  of  all  these  species  could  be  simultaneously  placed  on  the  stigma 
of  any  oue  species,  this  one  would  elect,  with  unerring  certainty,  its 
own  pollen." 
.  Snch  then  in  brief  outline,  is  Mr.  Darwin's  theory  of  pangenesis. 
Professor  Weismann's  theory  of  germ-plasm  is  fandamentally  based 
upon  the  great  distiactioQ  that  obtains  in  respect  of  their  transmissi- 
bili^  between  characters  which  are  congenital  and  characters  which 
are  acquired.  By  a  congenital  character  is  meant  any  individual  pecul- 
iarity, whether  structural  or  mental,  with  which  tbe  individual  ia 
bom.  By  an  acquired  character  is  meant  any  pecnliarity  which  the 
iadividnal  may  snbsequently  develop  in  consequence  of  its  own  indi- 
ridnal  experience.  For  example,  a  man  may  be  born  with  some  mal- 
formation of  one  of  bis  fingers  or  lie  may  subsequently  acqniie  such  a 
malformation  as  the  result  of  accident  or  disease.  Xow  io  the  former 
case—*,  e.,  in  that  where  the  malformation  is  cAngenital — it  is  ex- 
tremely probable  that  the  pecnliarity  will  be  transmitted  to  his  chil- 
dren -f  whUe  in  the  latter  case — i.  0.,  where  the  malformation  is  snbse- 
qneotly  acquired — it  is  virtually  certain  that  it  will  not  be  transmitted 
to  his  children.  And  this  great  difference  between  tbe  transmissibility 
of  characters  which  are  congenital  and  characters  which  are  acquired 
extends  universally  as  a  general  law  throughout  the  vegetable  as  welt 
as  tbe  animal  kingdom,  aud  in  tbe  province  of  mental  as  in  that  of 
bodily  organization.  Of  course  this  general  taw  has  always  been  well 
known  and  more  or  less  fully  recognized  by  all  modem  physiologists 
and  medical  men.  But  before  the  subject  was  taken  ap  by  Professor 
Weismann  it  was  generally  assumed  that  the  difterence  in  question 
was  one  of  degree,  not  one  of  kind.  In  other  words,  it  was  assumed 
that  acquired  charactere,  altbough  not  so  fully — and  therefore  not  so 
certainly — inherited  as  congenital  characters,  nevertheless  were  inher- 
ited in  some  lesser  degree ;  so  that,  if  the  same  character  continued  to 
be  developed  successively  in  a  number  of  sequent  generations,  what 
was  at  first  only  a  slight  tendency  to  t>e  inherited  would  become  by 
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sammatioD  a  more  aad  more  prononnced  tendeocy,  till  eveDtaally  tbe 
acquired  character  might  be  aa  strougly  ioberited  as  any  other  charac- 
ter vbich  was  ab  initio  oongenital,  ^ow  it  ia  the  validity  of  this 
assamptioQ  that  is  challenged  by  Professor  WeismaDD.  fie  says  Uiere 
is  no  evidence  at  all  of  any  acquired  characters  being  in  any  degree  in- 
herited, and  therefore  that  iu  this  important  respect  they  may  be 
held  to  differ  from  congenital  characters  in  kind.  On  tbe  sopporition 
.that  they  do  thns  differ  in  kind,  he  famishes  a  rery  attractive  Ueoty 
of  heredity,  which  serves  at  once  to  explain  tbe  diSereoce,  and  to  rep- 
resent It  as  a  matter  of  physiological  impossibility  that  any  acqdred 
character  can,  ander  any  circumstances  whatsoever,  bo  transniittnl  Ia 
progeny. 

In  order  fnlty  to  comprehend  this  theory,  it  is  desirable  first  of  all  to 
explain  Professor  Weismann's  views  apoD  certain  other  topics  which 
are  more  or  less  closely  allied  to,  and  indeed  logically  bound  np  with 
the  present  one. 

Starting  from  the  fact  that  nni-cellular  organisms  multiply  by  fisioo 
and  gemmation,  lie  argues  that  aboriginally  and  potentially,  life  is 
immortal ;  for,  when  a  protoznou  divides  into  two — more  or  less  equal 
parts  by  flssion,  and  each  of  tbe  two  halves  tberenpon  grows  into 
another  protezooo,  it  is  evident  that  there  has  been  no  death  on  the 
part  of  any  of  tbe  living  material  involved;  and  inasmuch  as  this 
process  of  tission  goes  on  continuously  ftt>m  generation  to  generation, 
there  is  never  any  death  on  the  part  of  snch  protoplasmic  material, 
although  there  is  a  continuoas  addition  to  it  as  tbe  numbers  of  individ- 
uals increase.  Similarly,  in  the  case  of  gemmation,  when  a  protOKoSo 
X>arts  with  a  small  portion  of  its  living  material  in  the  form  of  a  bod, 
this  portion  does  not  die,  but  develops  into  a  new  individnal;  and 
therefore  tbe  process  is  exactly  analogons  to  that  of  fission,  save  that 
only  a  small  instead  of  a  large  part  of  the  parent  substance  is  involved. 
Kow  if  life  be  thns  immortal  in  the  case  of  uni-cellnlar  organisms,  why 
shonld  it  have  ceased  to  be  so  in  tbe  case  of  mnltt-cellnlar  oi^fanismsl 
Weismann's  answer  is  that  all  tbe  malti-cellnlnr  organisms  propagate 
themselves,  not  exclusively  by  fission  or  gemmation,  but  bysexoal  fer- 
tilization, where  tbe  condition  to  a  new  organism  arising  is — that  minute 
and  specialized  portions  of  two  parent  organisms  should  fuse  together. 
I4ow  it  is  evident  that  with  this  change  in  the  method  of  propagation, 
serious  disadvantage  would  accrue  to  any  species  iTits  sexual  individ- 
uals were  to  continue  to  be  immortal ;  for  in  that  case  every  apedcs 
which  multiplies  by  sexual  methods  would  in  time  become  composed  of 
iudivnals  broken  down  and  decrepit  through  the  resnita  of  accident 
and  disease — always  operating  and  ever  accnmulating  throngbont  the 
course  of  tbeir  immortal  lives.  Consequently  as  soon  as  sexual  methods 
of  propagation  superseded  the  more  primitive  a-sexnal  methods,  it 
became  desirable  iu  the  interests  of  tbe  sexually-propagating  speciee 
that  tbeir  constituent  individuals  sbould  cease  to  be  immortal,  so  that 
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Uie  species  should  always  be  reonperated  by  ft^li,  young,  and  well* 
Awmed  representatives.  Conseqnently  also,  natural  selection  would 
Bpeedity  see  to  it  that  all  sexual  ly- propagating  species  should  become 
dqprired  of  the  aborigiual  endowment  of  Iramortality,  with  the  resnit 
that  death  is  now  a  universal  destiny  among  all  the  individuals  of  such 
species,  that  is  to  say,  among  all  the  metazoa  and  uetaphyta.  Never- 
theless, it  is  to  be  remembered  that  this  destiny  extends  only  to  the 
parts  of  the  individual  other  than  the  contents  of  those  specialized  cells 
Thich  constitotfl  the  reprodnctive  elements,  for  although  in  each  in- 
dindnal  metasodn  or  metaptayton  au  innamerable  namber  of  these 
specialized  cells  are  destined  to  perish  during  the  life  and  with  the 
fleatb  of  the  organism  to  whtcb  they  belong,  this  is  only  due  to  the 
accident,  so  to  speak,  of  their  contents  not  having  met  with  their  com- 
plements iu  the  opposite  sex ;  it  does  not  belong  to  their  essential 
natore  that  they  should  perish,  seeing  that  those  which  do  happen  to 
meet  with  their  complements  in  the  opposite  sex  help  to  fonn  a  new 
linugindividoal,  and  so  on  through  saccessive  generations  ad  infinitttm. 
Therefore  the  reprodnctive  elements  of  the  metazoa  and  metaphy ta  are 
■Q  tbia  respect  precisely  aoalagous  to  tbe  protozoa;  potentially,  or  in 
their  own  nature,  they  are  immortal ;  and,  like  the  protozoa,  if  they  die, 
tlieir  death  is  an  accident  due  to  unfavorable  circomstanoes.  But  tbe 
case  is  quite  different  with  all  the  other  parts  of  a  mulUcellalar  organ- 
ism. Here,  do  matter  how  favorable  the  circumstances  may  be,  every 
cell  contains  witbin  Itself,  or  in  its  very  nature,  tbe  eventual  doom  of 
ileath.  Thus,  of  the  metazoa  and  i^^aphyta  it  is  tbe  specialized  germ- 
plasms  alone  that  retain  their  primitive  endowment  of  everlasting  life, 
passed  on  continuoasly  through  generation  after  generation  of  succes- 
sively perishing  organisms. 

So  Ear,  it  is  contended,  we  are  dealing  with  matters  of  fact.  It  mast 
be  taken  as  true  that  tbe  protoplasm  of  tbe  noi-cellular  organisms  and 
tbe  germ-plasm  of  the  malticellnlar  organisms  have  been  continuous 
throngb  tbe  time  since  life  first  appeared  upon  this  earth ;  and  although 
large  quantities  of  each  are  perpetually  dying  through  being  exposed  to 
cunditions  nnfavorabte  to  life,  this,  as  Weismano  preseute  the  matter, 
is  quite  a  different  case  from  that  of  all  the  other  constitnent  parts  of 
molti  cellnlar  organisms,  which  contain  witbin  themselves  the  doom  of 
death.  Furthermore,  it  appears  extremely  probable  that  this  doom  of 
death  has  been  brought  about  by  natnral  selection  for  tbe  reasons 
assigned  by  Weismann,  namely,  because  it  is  for  the  benefit  of  all 
species  which  perpetuate  themselves  by  sexual  methods  that  their  con- 
BtitoeDt  individuals  sboold  not  live  longer  than  is  necessary  for  tbe 
sake  of  originating  the  next  generation  and  fairly  starting  itin  its  own 
straggle  for  existence.  For  Weismann  has  shown,  by  a  somewhat 
laborioas  l^ongh  still  largely  imperfect  research,  that  there  is  through- 
oot  all  tbe  metazoa  a  general  correlation  between  the  natural  life-time 
of  iudivi^iala  composing:  any  given  species  and  the  age  at  which  they 
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reacli  maturity  or  first  become  c%imble  of  procrentioii.  This  geueral 
correlation  however  is  somewhat  modified  by  the  tioie  during  which 
progeoy  are  dependeut  upon  their  parents  for  anpport  and  protection. 
Nevertheless,  it  is  evident  that  this  modification  t«nd8  rather  to  couflm 
the  view  that  expectation  of  life  on  the  part  of  iudividnals  has  ia  ftll 
cases  been  determined  with  strict  reference  to  the  reqairements  of  prop- 
agation, if  noder  propagation  we  include  the  rearing  as  well  as  tiie 
prodnctioD  of  ofi^ring.  I  may  observe  iu  passing  that  I  do  not  think 
this  general  law  can  be  fooud  to  apply  to  plants  in  nearly  so  close  a 
manner  as  Weismaun  has  sbown  it  to  apply  to  BDimals ;  bat  leaving 
this  fact  aside,  to  the  best  of  my  judgment  it  does  appear  that  Was- 
manu  haa  made  out  a  good  case  in  favor  of  snch  a  general  law  witti 
regard  to  animals. 

We  have  come  then  to  these  resnlts.  Protoplasm  was  originally 
immortal  (barring  accidents),  and  it  still  continues  to  be  immortai  in 
the  case  of  nnicellnlar  organisms  which  propagate  a-sexually.  Butin 
the  case  of  all  multicellular  organisms,  which  propagate  sexually,  nat- 
nral  selection  has  reduced  the  term  of  life  within  the  smallest  limits 
that  in  each  given  case  are  compatible  with  the  performance  of  the 
sexual  act  and  the  subsequent  rearing  of  progeny,  reserving  however 
the  original  endowment  of  iuiuiortality  for  the  germinal  elcmentB, 
whereby  a  conttnuum  of  life  has  been  secured  ft<om  the  earliest  appear- 
ance  of  life  until  the  present  day. 

Now  in  view  of  these  resnlts,  the  qnestion  arises,  Why  shonld  the 
sexual  methods  of  propagation  have  become  so  general  if  tbeir  effect 
has  been  that  of  determining  the  necessary  death  of  all  individaala 
presenting  them  t  Why,  in  the  eonree  of  organic  evolution,  sbonM 
these  newer  methods  have  been  imposed  on  all  tho  higher  organisms, 
when  the  consequence  is  that  all  these  higher  orgnoisms  must  pay  for 
the  innovation  with  their  lives  t  Weismann's  answer  to  this  qoestkm 
is  as  interesting  and  ingenious  as  all  that  has  gone  before.  Seeing  that 
sexual  propagation  is  so  general  as  to  be  practically  universal  among 
multi-cellnlar  organisms,  it  is  obvious  that  in  some  way  or  other  it 
must  have  a  most  important  part  to  play  in  the  general  scheme  of 
organic  evolution.  What  then  is  the  part  that  it  does  play  f  What 
is  its  raison  dfetre  T  Briefly,  according  to  Weismanu,  its  function  is 
that  of  furnishing  congenita  variations  to  the  over- watchful  agency  of 
natural  selection,  in  order  that  natural  selection  may  always  preserre 
the  most  favorable  and  pass  them  on  to  the  next  generation  by  hered- 
ity. That  sexual  propagation  is  well  calcnlated  to  fnrntsh  congenital 
variatious  may  easily  be  rendered  apparent  We  have  only  to  renHsi- 
ber  that  at  each  union  there  is  a  mixture  of  two  genninal  elements; 
that  each  of  these  was  in  tnrn  the  product  of  two  other  germinal  ele- 
ments in  the  preceding  generation,  and  so  backwards  ad  infinitum  in 
geometrical  ratio.  Bemembering  this,  it  follows  that  the  germinal  ele- 
ment of  no  one  member  of  a  species  can  ever  be  the  same  as  that  of  any 
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otber member;  on  the  contrary,  nhile  both  arc  euormoasly  complex 
piwlDcta,  each  lias  had  a  differont  ancestral  history,  such  that  while 
ODe  presents  tbo  congenital  admixtarcs  of  thousands  of  iudividuaU  in 
006  line  of  descent,  the  other  presents  similar  admixtures  of  thousaodfl 
of  other  individaals  in  a  different  line  of  descent.  Conseqnently,  when 
in  any  sexual  nnioa  two  of  these  euormoasly  complex  germinal  elements 
fiise  together  and  constitute  a  new  individual  oat  of  their  joint  enJow- 
meots,  it  is  perfectly  certain  that  that  individual  can  not  bo  exactly 
like  any  other  individnal  of  the  same  species  or  even  of  the  same  brood ; 
tbe  chances  mast  be  Infloity  to  one  against  any  single  mass  of  germ- 
plasm  being  exactly  like  any  other  mass  of  gcrra-pEasm;  while  any 
amount  of  latitude  as  to  difference  is  allowed,  up  to  the  point  at  which 
the  difference  becomes  too  pronounced  to  satisfy  tbe  couditioos  of  fcv- 
tilizatioD,  ID  which  case,  of  course,  no  new  individual  is  born.  Hence, 
theoretically,  we  have  here  a  snflBcient  cause  for  alt  individaal  varia- 
tions of  a  congenital  kind  that  cau  possibly  occur  within  the  limits  of 
fertility,  and  therefore  that  can  ever  become  actual  in  living  organ- 
isoiB.  In  point  of  fact,  Weismann  believes — or  at  any  rate  began  by 
believiog — that  this  is  the  sole  and  only  cause  of  variations  tUat  are 
congenital,  and  therefore  (according  to  bis  views)  transmissible  by  hered- 
ity. Now  whether  or  not  he  ia  right  as  regards  these  latter  points,  I 
think  there  can  bo  noqaestionthatsexnal  propagation  is,  at  all  events, 
one  of  the  main  causes  of  congenital  variation ;  and  seeing  of  what 
enormous  importance  congenital  variation  must  always  have  been  in 
supplying  material  for  the  operation  of  natural  selection,  we  appear  to 
bave  found  a  most  satisEnotory  answer  to  our  qnestion, — Why  has  sex- 
ual propagation  become  so  universal  among  all  the  higher  plants  and 
animalsl  It  has  become  so  becanse  it  is  thus  shown  to  have  beeu  the 
condition  to  producing  congenital  variations,  which  in  turn  constitute 
tbe  condition  to  the  working  of  natural  selection. 

Having  got  thus  far,  I  should  like  to  make  two  or  three  subsidiary 
remarks.  In  the  first  place  it  ought  to  be  observed  that  tbid  luminous 
theory  touching  the  causes  of  coogenital  variations  was  not  origiually 
propoanded  by  Professor  Weismann,  but  occurs  in  the  writings  of  sev- 
eral previous  authors  and  is  expressly  alluded  to  by  Darwin.  Never- 
theless, itoccupies  so  prominent  a  place  in  Weismann's  system  of  theo- 
ries and  has  by  him  been  wrought  up  so  much  more  elaborately  than 
by  any  of  his  predecessors  that  we  are  entitled  to  regard  it  as  par  ex- 
etUence  tbe  WeismanniBD  theory  of  variation.  In  the  next  pjaco  it 
ongfat  to  be  observed  that  Weismann  is  careful  to  guard  against  the 
sednctive  fallacy  of  attributing  the  origin  of  sexual  propagation  to  the 
agency  of  natural  selection.  Great  as  the  benefit  of  this  newer  mode 
of  propagation  must  have  been  to  the  f^pecies  presenting  it,  the  benefit 
can  not  have  been  conferred  by  natural  selection,  seeing  that  the  bene- 
fit arose  from  Ihefactof  the  new  method  furnishing  material  to  tbe 
operation  of  natural  selection,  and  therefore  insofor  as  it  did  this. 


440  wKisM Ann's  theory  of  hebeditt. 

constitiitiDg  tbo  coiiditiou  to  tbe  priuoiple  of  natural  BelecUon  haviDg 
been  called  iuto  play  at  all.  Or  id  other  vorcls,  ve  can  iiot attribute 
to  natural  eelectioD  the  origiu  of  sexaal  reproduction  witlioat  iuvoIviDK 
ourselves  in  the  absardity  of  8ul>iio8ing  natural  selection  to  have  origi- 
nated the  conditions  of  its  own  activity.*  Whatthe  causes  may  faaTe 
been  which  originally  led  to  sexual  reproduction  is  at  present  a  matter 
that  awaits  suggestion  by  way  of  hypothesis ;  and  therefore  it  now 
only  remains  to  add  that  the  general  structare  of  Professor  WeismanD's 
system  of  hypotheses  leads  to  this  curious  reault,  namely,  that  the 
otherwise  ubiquitous  and  (as  he  supposes)  eidaeive  dominion  of  nat- 
ural selection  stops  short  at  the  protozoa,  over  which  it  can  not  exercise 
any  influence  at  all.  For  if  natural  selectiou  depends  for  its  actirity 
on  the  occurrence  of  congenital  variations,  and  if  congenital  variationB 
depend  for  their  occurrence  on  sexual  modes  of  reproduction,  it  follows 
that  no  organisms  which  propagate  themselves  by  any  other  modes  ctn 
present  congenital  variations,  or  thus  become  sobjeot  to  the  inflneaee 
of  natural  seleetiou.  And  inasmach  as  Weismann  believes  thiU  sncb 
is  the  case  with  all  the  protozoa,  as  well  as  with  all  parthenogeaetic 
organisms,  he  does  not  hesitate  to  accept  tbe  necessary  conclusion  that 
in  these  cases  natural  selection  is  withoutanyjurisdiction.  How,  then, 
does  be  account  for  iudividual  variations  in  tbe  protozoat  And  still 
more,  bow  does  he  account  for  the  origin  of  their  innumerable  speciest 
He  accounts  for  both  these  things  by  tbe  direct  action  of  external  cod- 

*  Sioce  thin  paper  was  Bent  to  press.  Professor  WoismauD  has  pnbliihed  io  Salmi 
(February  6, 1690:  vol.  XLI,  pp.  317-333)  an  eUborats  answer  to  a  criUeim  of 
bis  tbeor;  b;  ProI«Mor  VioeB  (Ootober  24,  1889:  vol.  XL,  pp.  eSl-636).  la  tbe 
ooursB  of  this  auawer  Piofenor  Weiarosnn  nays  that  he  doei  sttribnM  the  origio  of 
sexual  reproduction  to  natnral  seleotiou.  This  directly  uontradicta  what  he  sajt  in 
bis  essays,  aud  for  the  teasona  givau  in  the  test,  uppean  to  me  au  illogical  departoi* 
from  liis  previously  logical  at titaile.  I  herewith  append  qnotationa  in  order  to  icieel 
the  coutradiutioD  : 

"  But  when  1  maiotain  that  the  meaoiDg  of  aexnal  reprodnotion  U  to  render  poHi-  . 
ble  tbe  IraDafonnation  of  tbe  higher  organisms  by  moMisof  Datnr*1  aeleotion,  mebi 
etatomeut  is  not  eqnivaleut  to  the  oasertioo  that  sexual  reprodnetion  origiaally  cam* 
iuto  eiistenne  iu  order  to  achieve  this  end.  The  effoots  wbiob  ore  now  ptodaoed  bj 
sexual  reprodnctioD  did  not  ooustitnte  the  causes  which  led  to  its  first  ftppearanee. 
Sexual  reprmluction  came  into  existence  before  it  oonldleod  tobenditory  indivlilsal  | 
variability  (t.  c,  to  tho  possibility  of  uataral  selection).  Ita  firat  appearanoe  aiod, 
therefore,  bnve  had  some  other  cause  [than  natural  selection];  bnt  tbe  uatnre  of  thi* 
caiiBO  can  hardly  bo  ili^termined  witli  any  degree  of  certainty  or  precision  fram  the 
facta  with  which  wo  are  at  present  acqnaioted." — ("Essay  on  theSigniflcAuee  of  6ei- 
nal  Reprodnclion  iu  the  Theory  of  Natural  Selectiou :  English  Trwulktion."  pp.  3St- 

"I  am  still  ofopiuioD  that  the  originefsezDalrepiodaotion  depends  on  tbeodTon- 
tagembicbitaffordBtotheoperationofnatnraleelectioD.  -  -  -  Seiaol reprodnctioo 
hsa  arisen  by  and  for  natural  selection  as  tbe  sole  means  by  wblah  individDal  vatis- 
tiona  can  be  nuited  and  combiued  in  every  possible  proportiou."— (JITalvre,  Td.  XU. 
p.  322.) 

How  aach  oppoeit«  statements  can  be  reeoooilod  I  do  net  mjeelfpaneiTeL— 0.  J- 
E.,  February  17,  ItfflO. 

DcmizedbvCjOty^ 
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ditioDBoriire.  lu  otUer  words,  so  far  as  tb«  nni-cellular  organisms  are 
coacerned,  WeisDiaoQ  is  riffidly  and  exclusively  aii  adrocato  of  tlie 
tbeoijof  Lamarek,  just  as  much  as  in  Itieoaseof  alt  the  inulti-cellnlar 
organisms  he  is  rigidly  aod  exclusively  an  opponent  of  that  theory. 
Hevertheless,  there  is  here  no  inuonsisteiicy ;  on  the  contrary,  it  is  cou- 
sisteocy  vith  the  logical  requirements  of  his  theory  that  leads  to  this 
abarp  partitiouing  of  the  nni-cellatar  from  the  mnlti-cellular  organisms 
vitli  re6i>ect;  to  the  causes  of  their  evolution.  For,  as  he  points  out, 
tbe  conditions  of  propagation  among  tht>  uui-cellular  organisms  are  such 
tb»t  parent  and  offspring  are  one  and  the  same  thing ;  "  the  child  is  ft 
part,  and  usually  a  half,  of  its  parent."  TheroGore,  if  the  parent  has 
been  in  any  way  modified  by  the  action  of  external  conditions,  it  is  in- 
evitable that  the  child  should,  frem  the  moment  of  it«  birth  (i.  «.,  flssi- 
[larous  sejraration),  be  similarly  modified ;  and  if  the  modifying  influ- 
ences continne  in  the  same  lines  for  a  sufficient  length  of  time  the  re- 
Bnlting  change  of  type  may  become  sufficiently  pronounced  to  consu- 
late a  new  species,  genus,  etc.  But  in  the  case  of  the  mnlti-oellalar  or 
Kinal  oi^auisms  the  child  is  not  thus  merely  a  severed  moiety  of  its 
parent ;  it  is  the  result  of  the  fusion  of  two  highly  specialized  and  ex- 
tremely miunte  particles  of  each  of  two  parents.  Therefore,  whatever 
may  be  thoaght  touching  the  validity  of  Wetsmaun's  deduction  that 
ID  DO  case  can  any  modification  iuduced  by  external  conditions  on  these 
parents  be  transmitted  to  their  progeny,  at  least  we  must  recognize  the 
validity  of  tbe  distinction  whicli  he  draws  between  the  facility  with 
vhich  sneb  transmission  must  tahe  place  in  the  uni  cellular  organisms 
aa  compared  with  the  difficulty— or,  as  he  believes,  tbe  impossibility — 
of  ita  doiD£  so  in  the  multi-cellular. 
I-  We  are  now  in  a  position  to  fully  understand  Professor  Weismann's 
tbeory  of  heredity  in  all  its  bearings.  Briefly  stated,  this  theory  is  as 
follows ;  Tbe  whole  organization  of  any  multi-cell  alar  organism  is  com- 
posed of  two  entirely  different  kinds  of  cells,  namely,  the  germ  cells, 
or  those  which  have  to  do  with  reproduction,  and  the  somatic  cells,  or 
those  which  go  to  constitute  all  the  other  parts  of  the  organism.  Now 
tbe  somatio  cells  in  their  aggregations  as  tissnes  and  organs  may  be 
■uo«1)fled  Id  numberless  ways  by  the  direct  action  of  the  environment 
as  well  as  by  special  habits  formed  during  the  individual  lifetime  of 
the  organism.  But  althougb  the  modifications  thus  induced  maybe 
and  generally  are  adaptive, — such  as  the  increascil  muscularity  caused 
by  the  use  of  muscles,  "  practice  making  perfect "  in  the  case  of  nervous 
adjustments,  and  so  on, — in  no  case  can  these  so-called  acquired  or 
"  somato- genetic  "characters  exercise  any  infiueoce  uimu  tbe  germ  -cells, 
sndi  tbat  they  should  ro-appear  iu  their  products  (progeny]  as  congen- 
ital or  ^'  blasto-genetic"  characters.  For  according  to  the  theory,  the 
germ-celta  as  to  their  germinal  contents  differ  in  kind  from  the  somatic 
cells,  and  have  no  other  connection  or  dependence  npon  them  than 
tbat  of  deriving  from  them  their  food  and  lodging.    So  much  then  for 
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tlie  aoiDatic  cells.  TurDJiigiiow  more  ee[>ecially  to  the  germ  cells,  tbeae 
are  the  receptacles  of  what  Weisstuaun  calls  the  germ -plasm ;  and  tbis  it 
is  that  which  he  supposes  to  differ  in  kind  from  all  the  other  coDstitnent 
elements  of  the  organism.  For  the  germ-plasm  Ue  believes  to  bare  bad 
its  origin  in  the  uui~cellnlarorganism8,aDd  to  have  been  banded  dovn 
ftom  them  in  one  continuous  atreiim  throagb  all  saccessiTe  geoeratioDS 
of  multi-cellidar  organisms.  Thus,  for  example, suppose  ve  takeacer- 
tain  quantum  of  germ-plasm  as  this  occurs  in  any  individual  organism 
of  to-day.  A  minate  portion  of  this  germ-plasm,  when  miied  with  a 
similarly  minute  portion  from  anotber  individual,  goes  to  form  a  nev 
individnal.  Bat  in  (Toing  so  only  a  portion  of  this  minute  portion  is 
consumed;  the  residue  is  stored  ap  in  the  germinal  cells  of  tbis  nev 
Individual  in  order  to  secnre  that  continnity  of  the  germ-plasm  which 
Weismann  assumes  as  the  necessary  basis  of  his  whole  theory.  Fur- 
thermore, be  assumes  that  this  overplas  portion  of  gena-plasm  which  is 
so  handed  over  to  the  custody  of  the  new  individual  is  there  capable 
of  growth  or  multiplication  nt  the  expense  of  the  nutrient  materi^s 
which  are  supplied  to  it  by  the  new  soma  in  which  it  finds  itselflocated; 
while  in  thus  growing  or  multiplying  it  faithfully  retains'its  bighl; 
complex  character,  so  that  in  no  one  minute  particular  does  any  part  of 
a  many  thousand-fold  increase  differ  as  to  its  ancestral  characterB  fh>in 
that  inconceivably  small  overplas  which  was  first  of  all  introsted  t«  : 
the  embryo  by  its  pareifts.  Therefore  one  might  represent  the  germ- 
plasm  by  the  metaplior  of  a  yeast- plant,  a  single  particle  of  which  may 
be  put  into  a  vat  of  nutrient  fluid ;  there  it  lives  and  grows  npon  the 
nutriment  supplied,  so  that  a  new  particle  may  next  be  taken  to  impreg- 
nate another  vat,  and  so  on  (uf  infinitum.  Here  the  succtesive  vata 
would  represent  successive  generations  of  progeny ;  but  to  make  the 
metaphor  complete  one  would  require  to  suppose  that  in  each  cas6  the 
yeast-cell  was  required  to  begin  by  making  its  own  vat  of  nutrient 
material,  and  that  it  was  only  the  residual  portion  of  the  cell  which 
was  afterwards  able  to  grow  and  multiply.  But  although  the  meta- 
phor is  necessarily  a  clumsy  one,  it  may  serve  to  emphasize  tlw-aUau; 
portant  feature  of  Weismann's  theory,  viz,,  the  almost  absolute  Jnd^ 
pendence  of  the  germ-plasm.  For  jnst  as  the  properties  of  the  yeast- 
plant  would  be  in  no  way  affected  by  anything  that  might  happen  to 
the  vat  short  of  its  being  broken  up  or  having  its  malt  impaired,  m 
according  to  Weismann  the  properties  of  the  germ-plasm  cannot  be 
affected  by  anything  that  may  happen  to  its  containing  aoma  sbort  of 
the  soma  being  destroyed  or  having  its  natritive  functions  impaired- 
Such  being  the  relations  that  are  supposed  to  obtain  between  the 
soma  and  its  genn  plasm,  we  have  next  to  contemplate  what  is  sup- 
posed to  happen  when,  in  the  course  of  evolution,  some  modiflcatiou  of 
the  ancestral  form  of  the  soma  is  required  in  order  to  adapt  it  to  some 
change  on  thepartof  itsenvironment.  In  other  words,  we  have  to  con- 
sider Weismann's  views  on  the  modm  operandi  of  adaptive  develop 
ment,  with  its  results  in  the  origination  of  new  species. 
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SeeiDg  tUat  according  to  tlie  theory,  it  in  only  congenital  variations 
wbich  can  bo  inherited,  all  variations  Bnbspquently  acquired  by  tbe  in- 
tercourse of  individuals  with  their  enviroritneut,  however  beneficial  such 
variations  may  be  to  these  individaals,  are  ruled  out  as  reganls  tlie 
species.  Not  falling  within  the  province  of  heredity,  they  are  blocked 
off  in  the  first  generation,  and  thereforo  present  no  significance  at  all 
in  tbe  process  of  organic  evolution.  Ko  matter  how  many  generations 
of  eagles,  for  instance,  may  use  their  wings  for  purposes  of  flight;  aud 
DO  matter  how  great  an  increase  of  mnscniarity,  of  endurance,  and  of 
skill,  may  thus  be  securod  to  each  generation  of  eagles  as  the  result  of 
individual  exercise;  alt  these  advantages  are  entirely  lost  to  progeny, 
and  yonng  eagles  have  ever  to  begin  their  lives  with  no  more  benefit 
bequeathed  by  the  activity  of  their  ancestors  than  if  those  ancestors  had 
all  been  barn-door  fowls.  Therefore  tbe  only  material  which  is  of  any 
count  as  regards  the  species,  or  with  reference  to  the  process  of  evolu- 
tion, are  fortuitous  variations  of  tbe  congenital  kind.  Among  all  the 
oamberless  congenital  variations,  within  narrow  limits,  which  are 
perpetnally  occurring  in  each  generation  of  eagles,  some  will  have 
reference  to  the  wings;  and  although  these  will  be  fortuitous,  or  oocnr- 
riug  indiscriminately  in  all  directions,  a  fuw  of  tbem  will  now  aud  tbeu 
be  in  the  direction  of  increased  muscularity,  otbers  in  the  direction  of 
increased  endurance,  others  in  the  direction  of  increased  skill,  uud  soon. 
Kot?  each  of  these  fortuitous  variations,  wliich  happens  also  to  bo  a 
beneficial  variation,  will  be  favored  by  natural  selection ;  and  b<^cause 
it  likewise  happens  to  be  a  congiinital  variation,  will  be  per{>etuated  by 
lieredity.  In  the  course  of  time,  other  con  genital  variations  will  hapi>en 
to  arise  in  the  same  directions ;  thece  will  be  added  by  natural  selection 
to  the  advantage  already  gained,  and  so  on,  till  after  bnndreds  and 
thousands  of  generations  the  wings  of  eagles  t>ecome  evolved  into  the 
marvelous  structures  which  they  now  present. 

Such  being  the  theory  of  natural  selection  when  stripped  of  all  rem- 
nants of  so-called  Lamarckian  principles,  we  have  next  to  consider  what 
tbe  theory  meaus  in  its  relation  to  germ-plasm.  For  as  before  ex- 
plained, congenital  variations  are  supposed  by  Weismauu  to  be  due  to 
"new  combinatioos  taking  place  in  the  germ-plasm  as  a  result  of  the 
nnioD  of  two  complex  liereilitary  histories  in  every  act  of  fortilizatiou, 
Weiltlfcbngenital  variattous  are  thus  nothing  more  than  variations  of 
gerat-plasm  "  writ  large  "  in  the  organism  which  is  developed  out  of  the 
plasm,  it  follows  that  natural  selection  is  really  at  work  apon  tbese 
variations  of  the  germ-plasm.  For  although  it  is  proximately  at  work 
on  the  congenital  variations  of  organisms  afler  birth,  it  is  ultimately, 
and  through  them,  at  work  upon  the  variatious  of  germ-plasm  out  of 
which  the  organisms  arise.  In  other  words,  natnral  selection  in  pick- 
ing out  of  each  generation  those  individual  organisms  which  are  by 
their  congenital  character  best  suited  to  their  surrounding  conditions 
of  life,  la  thereby  picking  out  those  peculiar  combiuations  or  variatious 
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or  germ-plasm,  which,  when  expanded  iato  n  resaltiag  orgaoisiu,  give 
that  organiam  the  best  chaoce  iu  itB  struggle  for  existence.  Aud 
inasmuch  as  a  oertaia  overplus  of  this  peculiar  combination  of  germ- 
plasm  is  iutrasted  to  that  organism  for  bequeatliiag  to  the  nest  gen- 
eration, this  to  the  next,  and  so  on,  it  follows  that  natural  selection  is 
all  the  while  conserving  that  originally  peculiar  combinatioa  of  germ 
plasm,  nntil  it  happens  to  meet  with  some  other  mass  of  germ-pUsm 
by  mixing  with  which  it  may  still  further  improve  upon  its  original 
peculiarity  when,  of  coarse,  natural  selection  will  seize  npon  tbis  im- 
provement toperpetnateasiuthepreviouscase.  So  til  at  on  thewhole 
we  may  say  that  natural  selection  is  ever  waiting  and  watching  forsneb 
combinations  of  germ-plasm  as  will  give  the  resulting  organisms  the 
best  possible  chance  iu  their  struggle  for  existence;  while  at  tbesatuo 
time  it  is  remorselessly  destroyingall  those  combinationa  of  germ-plasm 
which  are  handed  over  to  the  custody  of  organisms  not  so  well  fitted  to 
their  conditions  of  life. 

It  only  remains  to  add  that,  according  to  Weismann's  theory  in  ita 
strictly  logical  form,  combinations  of  germ-plasm  when  once  effected 
are  so  stable  that  they  would  never  alter  except  as  a  result  of  enterine 
into  new  combinations.  In  other  words,  no  external  influences  or  in- 
ternal processes  can  ever  change  the  hereditary  nature  of  any  particniar 
mixture  of  germ-plasm,  save  and  except  its  admixture  with  some  other 
germ-plasm,  which,  being  of  a  nature  equally  stable,  goes  to  unite  witli 
the  other  in  equal  proportions  as  regards  hereditary  character.  So  tii*t 
really  it  would  be  more  correct  to  say  that  any  given  mass  of  germ-plaes 
does  not  change  eveu  when  it  is  mixed  with  some  other  mass — any 
more,  for  instance,  thau  a  handful  of  sand  can  be  said  to  change  wfaea 
it  ia  mixed  with  a  handful  of  clay. 

Consequently,  we  arrive  at  this  curious  result.  No  matter  how  mtny 
generations  of  organisms  there  may  Iiave  been,  and  therefore  uo  matter 
how  many  combinations  of  germ-plasm  may  have  taken  place  to  give 
rise  to  au  existing  population,  each  existing  unit  of  germ-plasm  mnat 
have  remained  of  the  same  essential  nature  of  constitution  as  when  it 
was  flrst  started  in  its  immortal  career  millions  of  years  ago.  Or  n 
verting  to  our  illustration  of  sand  and  clay,  the  particles  of  each  mnst 
always  remain  the  same,  uo  matter  how  many  admixtures  the;  may 
undergo  with  particles  of  other  materials,  such  as  chalk,  slate,  etc. 
Now  inasmuch  as  it  is  an  essential — t>ecause  a  logically  ueceasary— 
part  of  Weismann's  theory  to  assume  such  absolute  stability  or  nn- 
changeableness  on  the  part  of  germ-plosu,  the  question  arises,  and  bu 
to  be  met, — What  was  the  origin  of  those  differences  of  character  in  the 
different  germ-plasms  of  multi-cellular  organisms  which  first  gave  rise, 
and  still  continue  to  give  rise,  to  congenital  variations  by  their  mixtun 
one  with  another  t  This  important  question  Weismaun  answers  by 
supposing  that  these  diflemnces  origiually  arose  out  of  the  differencei 
in  the  uui-cellular  organisms,  which  were  the  ancestors  of  the  primitirs 
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miilti-cellalar  organiBms.  Novaa  before  stated,  diOereut  forms  of  aai- 
oil\a]i\T  orgauiama  are  sapposed  to  have  originated  as  so  many  resnlts 
ofdi&ereDces  iu  the  direct  aotion  of  the  enTironment.  Consequently, 
according  to  the  theory,  all  congenital  variations  which  now  oocar  in 
innltioellalarorganiBmsare  really  the  distant  resnlts  of  variations  that 
vere  aboriginally  indaced  in  their  nni-cellnlar  ancestors  by  the  direct 
ution  of  aarroanding  conditions  of  life. 

I  think  it  will  be  well  to  conclude  by  briefly  sammarizing  the  main 
featar^  of  thia  elaborate  theory. 

Living  material  is  essentially,  or  of  its  own  natnre,  imperishable, 
anil  it  still  continues  to  be  so  in  the  case  of  anicellnlar  organisms  which 
propagate  by  fission  or  gemmation.  Bat  as  soon  as  these  primitive 
mettiods  of  propagation  became,  from  whatever  oanse,  superseded  by 
wiaal,  it  ceased  to  be  for  the  boDefit  of  sjtecies  that  their  constituent 
individuals  should  be  immortal,  seeing  that,  if  they  continued  to  be 
ao,  all  species  of  sezually-reprOducing  organisms  wonld  soouer  or  later 
eome  to  be  composed  of  brokea  down  and  decrepit  individuals.  Cou- 
wqaeatly,  in  all  sexoally-reproducing  or  multi-cellular  organisms,  flat- 
oral  aeleotiOQ  set  to  work  to  reduce  the  term  of  individual  life-times 
vithin  the  narrowest  limits  that  in  the  case  of  each  species  are  com- 
patible with  the  procreation  and  the  rearing  of  progeny.  Xevertheless, 
in  all  these  sexually -reproducing  organisms  the  primitive  endowment 
of  immortality  has  beea  retained  with  respect  to  their  germ-plasm, 
"bjch.has  thoa  been  continuous,  through  numberless  geuerations  of 
perishing  organisms,  from  the  first  origin  of  sexual  reproduction  till 
the  present  time.  Kow  it  is  the  union  of  germ-plasms  which  is  required 
to  reproduce  new  individuals  of  multlKiellular  organisms  that  determines 
eongenital  variations  on  the  part  of  such  organisms,  and  thus  furnishes 
Batural  seleotion  with  the  material  for  its  work  in  the  way  of  organic 
evolnUon, — work  therefore  which  is  impossible  in  the  case  of  ani-cel- 
Inlar  organisms,  where  variation  oau  never  be  eougenital,  but  always 
determined  by  the  direct  action  of  surrounding  conditions  of  life. 
Again,  aa  tbo  germ-plasm  of  mnlti-cellalar organisms  Is  continuous  from 
Senwation  to  generation,  and  at  each  impregnation  gives  rise  to  a  more 
or  less  novel  set  of  oougenital  obaraeters  which  are  of  most  service  to 
tiie  oi^anisms  presenting  them,  is  really  or  fundamentally  at  work 
upon  those  variations  of  the  germ-plasm  which  iu  turn  give  origin  to 
tlioge  variations  of  organisms  that  we  recognize  as  congenital,  there- 
fore, natoral  selection  has  always  to  wait  and  to  watch  for  such  varia- 
timtsof  germ-plasm  as  will  eventually  prove  beneficial  to  the  individuals 
developed  therefrom,  who  will  then  transmit  this  peculiar  quality  of 
germ-plasm  to  their  progeny,  and  so  on.  Therefore  also — and  this  is 
most  important  to  remember — natnr&I  selection  as  thus  working  bO' 
couiee  the  one  and  only  oanse  of  evolution  and  the  origin  of  species  in 
til  the  mnlU-cellular  organisms,  Just  as  the  direct  action  of  the  environ- 
ment is  the  oue  and  only  oaase  of  evolation  and  the  origin  of  apeoiea 


44(>  weisuanm's  theoby  ov  uebeuitt. 

in  the  caseof  all  the  iini-ceUiiIar  organisms.  But  inasmuch  astheninl- 
ti-cellular  organisms  were  all  in  tbe  first  instance  derived  from  the  nni- 
cellular  and  inasnmch  as  their  germ-plasm  is  of  so  stable  a  nature  that 
it  can  never  be  altered  by  any  ageucies  internal  or  external  to  tbe 
organisms  presenting  it,  it  follows  that  all  congenital  variations  are 
the  remote  coasequences  of  aboriginal  differences  ou  the  part  of  nni- 
cellalar  ancestors.  And  lastly,  it  follows  also  that  these  congenital 
variations — although  now  so  entirely  independent  of  external  conditions 
of  life,  and  even  of  activities  internal  to  organisms  themselves— were 
originally  and  exclusively  due  to  the  direct  action  of  such  conditions 
on  the  lives  of  their  aniceilular  ancestry;  while  even  at  tbe  present 
day  no  one  congenital  variation  can  arise  which  is  not  ultimately  due  to 
differences  impressed  upon  the  protoplasmic  substance  of  the  germinal 
elements,  when  the  parts  of  which  these  are  now  composed  constitnted 
integral  parts  of  the  protozoa,  which  were  directly  and  difTerentially 
affected  by  their  converse  with  their  several  environments. 

Such  then  is  Weismann^s  theory  of  heredity  in  its  origiDal  and 
strictly  logical  form.  But  it  is  now  necessary  to  add  that  in  almost 
every  one  of  its  esseutiji  features,  as  just  stated,  the  theory  has  had  to 
undergo — or  is  demonstrably  destined  to  undergo — some  radical  modi- 
fication.  Ou  the  present  occasion  however,  my  object  is  merely  to 
state  the  theory,  uot  to  criticise  it.  Therefore  I  have  sought  to  present 
the  whole  theory  iu  its  completely  conoecteil  shape.  On  a  future  occa- 
sion— I  hope  within  the  present  year — it  will  be  my  endeavor  to  dis- 
connect the  now  untenable  parts  from  the  parts  which  still  remain  for 
investigation  at  the  hands  of  biological  science. 
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THE  ASCEKT  OF  MAN.* 
Bt  Frank  Bakes,  M.  D. 


The  science  of  Antbropolog:^ ,  one  of  the  yoanger  daughters  of  hnman 
knowledge,  is  so  vaat  in  its  scope  tbat  to  master  all  of  its  different  ram- 
iScatioos  seems  a  hopeless  task.  Haviug  for  ite  object  the  compreben- 
BJve  stady  of  man,  iocludiiig  hia  origin,  his  devclopmeut,  and  his  present 
coadition,  its  aim  is  to  focus  aud  co-ordinate  the  general  results  derived 
irom  avast  number  of  subonlinate  branclies.  The  philologist  oontrib- 
ntes  information  concerning  the  origin  and  growth  of  language  and  its 
elTectupon  cJTilization;  the  mythologist  tella  of  the  psychological  side 
of  the  human  mind  and  traces  the  rise  and  progress  of  religious  ideas; 
the  archieologiat,  in  order  to  fix  their  places  in  the  hiatory  of  mankind, 
seuchea  for  the  remains  of  peoples  long  since  passed  away.  All  these 
depend  for  tbeir  material  upon  external  records,  left  by  tradition,  by 
writmg,  by  sculpture,  or  by  implements  aud  weapons.  With  greatest 
care  every  ancient  habitation  of  man  is  searched  in  order  to  learn  fh)m 
it  the  details  of  the  life  of  its  former  inhabitants. 

Within  comparatively  recent  times  still  another  avenue  of  informa- 
tion has  been  found,  for  ve  have  learned  that  it  is  not  alone  by  tbeae 
external  records  that  man's  history  can  be  traced,  but  that  important 
facts  may  be  obtained  by  studying  tbe  constitution  of  his  body;  that 
the  changes  and  vlciasitudes  of  his  existence  are  recorded  on  his  very 
bones,  in  characters  long  nndeciphered,  bat  to  which  tbe  clew  has  at 
last  been  found.  My  labors  have  led  me  more  particularly  to  this 
department  of  anthropology,  and  a  concise  summary  of  the  main  heads 
ot  this  research  may  be  of  value  and  interest. 

The  views  propounded  by  Jjamarck  in  the  early  part  of  this  century, 
Kith  reference  to  the  modification  of  living  organisms  by  use  and  adap- 
tation, have  been  remarkably  confirmed  in  modern  times.  Exhaustive 
researches  into  tbe  constitution  and  properties  of  tbe  cells  composing 
living  tissnes  show  that  they  are  snbject  to  continual  change,  each  im- 
pulse from  without  being  registered  by  some  small  alteration  in  their 
pbysical  condition.    Impulses  of  a  similar  kind  continuously  acting 

'AddreMof  the  Vlco-prMldent  before  the  MctioD  of  Anthropologf,  of  the  Amerioan 
Aoociatioa  for  the  AdTanoement  of  Soienoe,  at  the  iDdionapoIis  meeting,  Angoit  90, 
USD.    (Ftvw  PrvfftMitg*  Aiit,  4»rQf.  44v.  S^  vol.  xxxix,  pp.  3G1-3T3.} 
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prodDce  greater  cbsoges,  and  lons-continned  repetition  notably  alters 
even  tlie  hardest  and  moat  endoring  of  strnctares.  ThiiB  it  iB  that 
bones  are  modified  in  form  by  muscnlar  pall  and  tbe  aurfaces  of  teeth 
are  shaped  by  incessant  grinding.  Tbese  alt«rationii  are  more  readily 
apparent  to  as  becaaae  they  affect  very  hard  and  easily  prnBerred 
organs,  but  the  effects  are  equally  potent,  thongU  not  so  cleuly  recog- 
nizable, in  the  softer  tissnea  of  the  bo<)y.  Every  act  of  onr  lives  is  cer- 
tainly bot  surely  registered  within  the  marvellous  structure  of  oar 
bodies.  N^ot  a  mascle  can  contract  without  an  absolute  change  8«l>- 
stance ;  in  its  not  a  nerve-cell  can  discbarge  with  ont  some  8tif-destnI^ 
tion. 

Most  of  tbese  changes  being  very  minute  and  evanescent  are  qnite 
beyond  our  power  to  accurately  estimate,  and  were  the  increments  of 
change  confined  to  a  single  life-time,  were  each  individual  to  stand  only 
for  himself  and  compelled  to  earn  his  experience  by  tbe  same  tedions 
struggle,  use  and  adaptation  would  have  bat  little  power  to  mold  man- 
kind into  races  and  varieties.  But,  by  the  action  of  a  law  as  yet  im- 
perfectly understood,  the  adaptations  of  each  individual  are  transmitted 
to  its  offspring ;  or,  to  speak  more  accurately,  the  offspring  pass  through 
tbe  changes  more  easily  and  quickly  than  the  parent  did.  While  each 
has  always  to  go  back  to  the  beginning  and  commence  from  the  simple 
blastema  of  the  primitive  egg,  the  younger  has  the  advantage  of  beiug 
able  to  adapt  itself  more  quickly  to  its  snrrouodings,  provided  these 
have  not  too  greatly  changed,  and  thns  starts  a  little  way  ahead  of  its 
ancestor  in  tlie  race  for  life.  In  consequence  of  tbis  law,  changes  be- 
come cumulative,  and  a  cause  acting  for  a  great  length  of  time  upon  » 
series  of  successive  generations  finally  produces  a  well-marked  aud 
easily  observed  effect  in  the  structure  of  individuals;  changing  colors, 
modifying  organs,  shaping  whole  regions  of  the  body. 

Again,  if  after  such  changes  have  been  effecte<l,  these  causes  cease 
to  operate  and  the  organs  they  bave  shaped  are  no  longer  of  u^  tbe 
latter  become  reduced  in  size,  atrophy,  and  recede,  remaining  however 
in  a  vestigial  condition  for  many,  many  generations  aa  records  of  the 
past  history  of  the  race,  as  dolmens  and  cromlechs  certify  to  former 
customs  and  tlint  arrow-heads  and  stone  hatobets  give  evidence  of  a 
previous  state  of  civilization. 

The  human  body  abounds  in  testimony  of  this  sort, — indications  of 
the  pathway  by  which  humanity  has  climbed  from  darkness  to  ligb^ 
from  iKstiality  to  civilization, — relics  of  conotless  ages  of  straggle, 
often  fierce,  bloody,  and  pitiless. 

Tbese  are  found  in  every  organ  of  tbe  body,  and  each  new  investiga- 
tion adds  to  tbeirnumber.  To  enumerate  them  all  would  be  impossihl* 
within  the  limits  assigned  me  by  your  patieuce.  I  will  therefore  tonA 
only  upon  a  few  of  tbe  more  striking  ones,  especially  those  ooonectei 
with  the  modifications  of  tbe  limbs,  with  the  erect  positiwi,  and  w^ 
the  segmentation  of  tbe  body. 
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Hie  limbs,  being  organs  of  anpport  and  locomotion,  show  great  varia- 
tions in  the  zoological  Beries,  and  the  baud  of  man  has  long  been  looked 
npoQ  OS  especially  significant  of  bis  bigh  position  in  tbe  animal  king- 
dom, one  of  the  chief  distinctions  between  him  and  tbe  nearest  brutes. 
Toacertsin  extent  this  is  correct.  No  othercreature  possesses  so  highly 
coiDplex  and  eSectire  an  organ  for  grasping  and  adjasting  objects,  and 
it  is  iH««minent)y  this  that  has  made  man  a  tool-asing  animal.  On 
compariDg  a  human  hand  with  that  of  tbe  anthropoid  apes  it  may  be 
Been  that  this  efficiency  is  produced  in  two  ways :  first,  by  increasing 
tbe  mobility  and  variety  of  action  of  the  thumb  and  fingers ;  second,  by 
itdaciogthe  muscles  used  mainly  to  assist  prolonged  grasp,  they  being 
no  loDger  necessary  to  an  organ  that  ia  intended  for  delicate  work, 
and  requires  constant  re-adjnstment.  Thus  some  elements  are  added 
aod  gome  taken  away.  Now  according  to  the  theory  I  have  ennnciated, 
tbe  latest  elements  onght  to  show  signs  of  their  recent  origin,  to  be 
wmetrhst  imperfectly  differentiated  and  liable  to  return  to  their  primi- 
tirestate,  while  those  going  out  of  active  use  ought  to  be  vestigial,  not 
tqaal  ru  size  or  force  to  mnscnlar  organs  generally,  very  liable  to  varia- 
tion or  disappearance.    This  is  what  actually  occurs. 

Among  the  new  elements  is  a  special  flexor  muscle  for  the  thnmb, 
^ing  high  op  on  the  forearm.  A  very  slight  examination  shows 
ibat  this  mascle  has  been  split  off  from  the  fibers  of  tbe  deep  flexor 
that  bends  the  terminal  joints  of  the  fingers.  lu  most  apes  the  two 
fonn  a  single  muscle,  and  in  man  the  thumb  flexor  very  often  shows 
Dnmistakable  evidence  of  such  origin.  In  about  10  per  cent,  of 
persons,  part  of  its  fibers  pass  over  to  and  become  blended  with  the 
larent  muscle.  Not  infrequently  I  have  seen  the  two  entirely  united, 
relnrning  absolutely  to  their  primitive  condition.  The  deep  and  super- 
ficial fiexora  of  the  fingers  show  signs  of  a  similar  relationship,  as  they 
Freqneiitly  blend  more  or  less,  tending  to  revert  to  the  type  shown  in 
•Dost  lower  animals.  Indeed,  if  we  go  back  to  embryonic  life  wo  find 
ill  the  maseles  of  the  anterior  part  of  the  fore-arm  united  in  what  is 
lenned  the prottato  Jlexor  mass,  recalling  tbe  original  condition  of  mus- 
niatnre  in  the  earliest  animals  poaseasiug  limbs. 

In  the  category  of  disappearing  muscles  comes  the  palmarua  iongua 
>  mnacle  of  the  fore-arm  which  in  many  animals  is  an  important  aid  iti 
slimbing  and  grasping.  It  takes  its  origin  from  the  upper  arm  and 
Wises  to  the  hand,  where  it  expands  into  a  large  sheet  of  thick  niem- 
)rane  called  the  palmar  fascia,  which  splits  into  several  slips  passing  to 
ach  finger.  The  pull  of  the  muscle  acts  upon  all  the  Augers  together, 
keeping  them  bent  withoat  independence  of  action,  Now  in  man  the 
lagers  have  each  two  separate  flexor  tendons  that  can  act  to  a  certain 
'itent  independently.  To  insure  their  independence  they  are  at  Che 
Tiat  enclosed  in  a  remarkable  tubnlar  conduit  or  subway  formed  by 
nldering  tbe  palmnr  fascia  to  tbe  wrist-bones.  This  at  once  destroys 
my  effective  action  of  the  palmarU  longua  on  tbe  fingers  and  it  becomes 
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a  flexor  of  tlie  wrist.  Tliis  Boldering  andoabtedly  took  place  becaam 
the  muicle  was  do  longer  required  as  a  flnger-holder.  Like  other  orgaas 
tbnt  titter  playing  a  part  of  considerable  fanctional  importance  hsn 
come  from  change  of  habit  to  be  of  bnt  little  valae,  it  shows  the  most 
astouishing  tendenc;  to  variation.  Not  »  week  passes  in  a  large  dis- 
secting room  that  some  corions  anomaly  is  not  found  in  this  masck 
Sometimes  it  is  seen  almostin  its  primitive  condition,  the  palmar  ^iscik 
being  comparatively  movable  and  the palmarialongtu  having  someefiect 
npon  tlie  flexion  of  the  fingers ;  oftener  i  t  unites  wholly  or  papally  with 
Bomeportionof  thepronato-flexormass  or  disappears  altogether.  The 
disappearance  is  usually  only  ajipareut,  however.  Regressive  stme- 
tares  rarely  disappear  totally,  for  on  careful  search  astrip  of  Niseis  can 
usually  be  found  that  represents  the  atrophied  and  aborted  organ. 

Since  these  two  examples  differ  in  that  the  first  represents  the  devel- 
opment of  a  new  muscle  while  the  second  is  the  atrophy  of  an  old  one, 
we  ought  to  find  mcial  differences  correuiwnding  to  these  two  condi- 
tions. Our  studies  of  racial  anatomy  are  as  yet  far  from  snfficient  to 
give  ns  complete  information  upon  these  points,  and  I  would  especially 
avoid  generalizing  npon  too  meager  datn.  It  has  however  appeared 
to  me  that  in  negroes  thepalmarM  longvt  is  more  inclined  to  assame  its 
primitive  type — that  is,  is  less  likely  to  vary— while  the  long  flexOT<rf 
the  thnmbison  the  contrary  more  inclined  tobepartially,  if  not  wholly, 
united  with  the  deep  flexor  of  the  fingers. 

Connected  intimately  with  the  hand  are  the  other  portions  of  the 
thoracic  limb  that  carry  it  from  place  to  place.  Here  again  we  may 
note  many  points  indicating  a  progressive  development  of  the  member. 
When  the  arm  is  naturally  and  easily  bent  at  the  elbow  it  does  not 
carry  the  hand  to  the  shoulder,  as  might  be  expected,  bnt  towards  the 
mouth.  The  reason  for  this  is  that  the  articular  surfaces  of  the  elbov- 
joint  are  not  cut  horizontally  across  the  axis  of  the  humerna,  but  inclined 
at  an  angle  of  about  20°.  This  obliquity  does  not  occur  in  the  fcetas  and 
is  less  in  Bushmen,  AnstraliauB,  and  the  anthropoid  apes.  It  is  associ- 
ated with  another  pecaliarity ;  indeed,  may  be  said  to  be  caused  by  it 
This  is  a  twisting  of  the  humerus  on  its  long  axis,  which  occurs  markedly 
in  the  hiehor  races.  If  wc  hold  np  endwise  the  humerus  of  a  Eun^tean 
we  see  that  the  longest  diameters  of  the  upiier  and  lower  ends  very 
nearly  coincide.  In  the  negro  we  find  the  lower  diameter  turned  more 
towards  the  l)Ody, still  more  in  the  aiithropoidape3,andagain  moreas 
we  descend  the  scale.  Embryology  teaches  that  the  humerus  was  for- 
merly set  so  that  the  hollow  of  the  elbow  looked  towards  the  body 
rather  than  forward,  and  it  seems  therefore  that  as  the  functions  of 
the  limb  became  more  various,  the  lower  end  of  the  bono  gradaally 
twisted  outward  »ound  the  long  axis  antil  its  diameter  described  a 
considerable  arc  This  turned  the  hand  with  the  palm  to  the  front,  ex- 
tended its  range,  and  adapted  it  for  a  wider  usefulness.  Greater  twiat 
is  found  in  the  right  humerus  than  in  the  left  and  in  the,  homen  of 
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modem  times  tbaa  in  those  of  the  stone  age.  As  the  torsion  increased 
some  proTJsion  became  necessary  for  carrying  tbb  hand  easily  across 
the  body  to  the  month.  This  was  effected  by  the  inclination  of  the  ar- 
ticalarsarfaces  of  the  elbov-joiut  already  meotioDed. 

Many  movements  of  the  arm  in  man  are  produced  by  muscles  acting 
apoa  the  shoulder-blade  or  scapula.  As  the  band  was  turned  outward 
anda  wider  range  given,  these  increased  in  extentand  importance,  and 
the  scapula  accordingly  widened  out  at  its  vertebral  border  in  order  to 
give  a  more  extensive  attachment  for  muscles.  In  order  to  accurately- 
estimate  this  change  the  ratio  of  the  breadth  to  the  length  of  the 
Bcapnla  is  taken.  This  ratio,  called  the  scapular  index,  is  highest 
among  the  white  races,  less  in  the  infant,  in  negroes,  and  in  Austra- 
lians, and  still  less  in  anthropoid  apes.  It  is  significant  also  tnat  the 
vertebral  border  of  the  scapula  is  the  last  to  form  in  the  fotus.  Wo 
have  therefore  three  modifications — the  torsion  of  the  humerus,  the 
inclination  of  its  lower  articular  surface,  and  the  scapular  index — all 
depending  npon  each  other,  all  varying  together  pari  ptuau,  and  all 
showing  a  progressive  development  both  in  the  individual  and  the  race. 

Hoscle  is  composed  of  one  of  Cbe  most  highly  organized  aud  expen- 
sive tissues  of  the  body.  Unless  fed  constantly  with  a  great  supply  of 
blood  to  keep  np  its  active  metabolic  changes,  it  quickly  wastes,  fuac- 
tional  activity  being  absolutely  necessary  to  its  proper  maintenance, as 
any  one  knows  who  has  seen  how  rapidly  the  muscles  of  au  athlete 
diminish  when  he  goes  out  of  training.  If  from  accident  or  change  of 
habit  its  use  altogether  ceases,  its  protoplasm  is  gradually  removed,  its 
blood  snpply  diminishes,  and  it  shrinks  to  a  mere  band  or  sheet  of 
fibrous  tissue.  Changes  of  function  may  therefore  affect  the  form  of 
moscles,  one  portion  becoming  tendinous  or  fascia-like ;  may  even  cause 
them  to  shift  their  places,  by  inducing  a  development  on  one  side  aud 
an  atrophy  on  another,  or  to  disappear  altogether,  being  replaced  by 
fascia  or  ligament  A  similar  regression  may  take  place  iu  boue  aud  car- 
tJlageahigh-grade,  actively  metabolic  tissue,  difficult  to  maintain,  being 
replaced  by  a  low-grade  oue  comparatively  slow  to  change.  It  is  there- 
fore not  unoBual  to  find  that  muscles,  bones,  aud  cartilages  performing 
important  fanetions  iusome  animals  are  representrd  by  vestigial  struc- 
tures in  those  higher  in  the  scale.  Our  conclusions  on  this  subject  are 
coDfinned  by  finding  occasional  instances  where  the  hereditary  ten- 
dency has  been  greater  than  nsnal  and  the  parent  form  is  re-produced 
more  or  less  completely  in  the  higher  animal.  The  palmar  fascia  at  the 
distal  end  of  the  palmaris  hngta,  to  which  allusiou  has  been  made, 
represents  a  former  muscular  portion,  rcUcs  of  which  probably  remain 
as  some  of  the  small  tbnmb  mnscles. 

Another  interesting  instance  is  the  epitrockleo-anconeux,  a  small 
muscle  at  the  elbow  joint,  used  in  apes  to  efi'ect-  a  lateral  movement  of 
the  nina  npon  the  humerus.  In  man  the  ulna  has  become  so  shaped 
that  the  lateral  movement  is  almost  whollv  lost,  and  the  muscle  has 


452  THE   ASCENT  OF  MAN. 

accordingly  degenerated,  being  represented  by  a  strip  of  fascia.  Vety 
often  hoTever,  a  few  maecular  fibers  are  still  fonnd  in  this  sitoatioo. 

Seveml  minor  pecnliarities  that  remind  ns  of  primitive  oonditiona 
occnr  in  the  region  of  the  hnmerns.  Occasionally  a  tupraoondfUiii 
process  is  foand,  throwing  a  protecting  arch  over  the  brachial  arter; 
and  median  nerve ;  in  this  resembling  ihe  supraeondi/loid  forcmm  of 
marsnpials.  Struthers  foand  this  to  be  hereditary,  occarring  in  a  feth«r 
and  four  children.  A  perforation  of  the  oUcranon/osta,  the  pit  at  tbe 
lower  end  of  the  hnmerua  into  which  the  beak-like  end  of  the  nlna  fits 
when  tlie  arm  is  fully  extended,  may  probably  be  regarded  as  a  rever- 
sion toward  the  condition  of  anthropoid  apes.  This  freqaently  occuis 
in  Soath  African  and  other  low  tribes  and  in  tbe  men  of  the  stone  age. 
Becently  Dr.  D.  S.  Lamb  has  foand  it  remarkably  firequent  in  pre-historic 
Indian  humeri  from  the  Salado  Valley,  Arizona. 

While  the  region  of  the  hand  and  fore-arm  indicates  increase  of 
specialization,  tbe  upper  part  of  the  limb  generally  t«stifles  to  a  regres- 
sion from  a  former  more  highly  developed  state.  The  anatomy  of  the 
flying  apparatus  of  a  bird  shows  a  series  of  mascular,  ligamentoas,  and 
bony  stractnres  connected  with  ite  upper  arm  far  beyond  anytbioK 
ever  seen  in  man.  The  coracoid  bone,  a  very  important  element  of  the 
shoulder  girdle  in  birds,  has  become  reduced  in  mau  to  a  little  vestige) 
ossicle  that  about  the  sixteenth  year  becomes  soldered  to  the  scapola 
as  the  coracoid  process.  The  muscles  arising  from  t\as,-^ectoraii» 
minor,  cora4x>-brackialis,  and  bic^, — are  structures  represented  iu  birds 
by  strong,  flying  muscles.  The  aubclaviua,  a  little  slip  endiug  at 
the  clavicle,  appears  to  have  formerly  passed  to  the  coracoid  bone  or 
to  the  humerus  and  been  employed  iu  arm  movement  Thapectoralu 
major  appears  to  represent  what  was  formerly  a  series  of  muscles.  All 
these  hare  a  tendency  to  repeat  their  past  history,  and  the  namber  of 
variations  found  among  them  is  legiou.  The  bie^a  show  traces  of  its 
former  complexity  by  appearing  with  three,  four,  or  even  five  heads, 
by  a  great  variety  of  insertions,  by  sending  a  tendon  outside  the  joint 
capsnle  instead  of  through  it,  as  is  tba  rule.  The  j>«ctora^M  major  may 
break  up  into  several  different  mnscnlar  integers,  inserted  from  the 
shoulder  capsule  down  to  the  elbow.  The  ooraeo-braohialis  shows  the 
same  instability,  and  by  its  behavior  clearly  indicates  its  derivstion 
from  a  mach  larger  and  more  extensive  moscalar  sheet. 

N^ot  less  signiflcaut  are  the  ligaments  about  the  shoulder.  Many  of 
these  appear  to  be  relics  of  organs  found  active  in  animals  lower  in  the 
scale.  Thus  the  coraco-aeromial  ligament  spauning  over  the  shonlder 
joint  is  probably  a  former  extension  of  the  acromion  process ;.  tbe  rkom- 
boid,  conoid,  trapesoid,  and  gleno-kumeral  ligaments  represent  regres- 
sive changes  in  the  subelaviua  muscle,  the  eoraeo-kumeral  ligament,  a 
former  insertion  of  the  pectoralis  minor.  Bands  of  the  deep  cervical 
&scia  alone  remain  to  testify  to  the  former  existence  of  tlie  levator  ohv' 


iiizedbv  Google 


THB  ASCENT  OF  HAN.  453 

iailff,  a  muscle  preaeut  in  moat  tnammals  and  used  to  pull  forward  the 
Hbonlder  girdle  when  walking  in  a  qaadrupedal  position.  In  negroes  I 
hare  fVeqnentlj  fonnd  it  more  or  Ie«B  complete.  A  fibrous  strip  unit- 
iDg  the  latiaaimus  dor»i  to  the  triceps  is  all  that  remaius  of  au  impor- 
lanC  mnscle,  the  dorgoepitrochlearts,  passing  from  the  back  to  the  elbow 
or  forearm,  used  b;  gibbons  and  other  arboreal  apes  in  swinging  from 
braDch  to  branch.  Testnt  fonud  this  fully  developed  in  a  Boshmau.  I 
have  myself  seen  varions  muscular  slips  that  must  represent  some  jKtr- 
tioDS  of  it,  and  authors  generally  describe  it  as  occurring  in  5  or  0  i>er 
cent  of  individuals. 

The  hind  limba  of  apes  are  popularly  thought  to  be  remarkably 
specialized.  The  term  qnadrumaua  or  four-handed  ia  used  to  cUarac- 
terize  the  class ;  yet  it  is  quite  true  that  this  term  involves  a  false  con- 
ception. Ko  animal  has  four  exactly  similar  feet,  still  less  four  hands. 
The  feet  of  the  ape  differ  widely  from  hands  ;  the  great  toe  ia  not  really 
opposable  like  the  thumb,  but  merely  separable  from  the  others  and 
differently  set,  so  as  to  afford  a  grasp  like  that  of  a  cramp  iron.  The 
gibbon  alone  hps  a  small  muscle  of  the  foot  that  may  be  compared  with 
the  opponens  of  the  thumb.  That  these  peculiarities  are  also  shared 
by  man  to  some  extent  is  well  known.  It  ia  quite  possible  to  train 
the  toea  to  do  certain  kind  of  prehensile  work,  eveu  to  write,  cut  paper, 
and  sew.  A  baby  not  yet  able  to  walk  can  often  pick  up  small  objects 
with  its  toes.  Compare  the  marks  caused  by  muscular  action  on  the 
sole  of  a  baby's  foot  with  those  on  the  hand,  and  it  will  be  seen  that 
there  are  distinct  signs  of  this  prehenaion.  Even  the  opponent  hallucit 
of  the  gibbon  is  not  infrequently  found  iu  man,  The  foetal  condition 
of  the  foot  also  approaches  that  of  the  apes,  the  heel  being  shorter  and 
the  joints  so  arranged  that  the  sole  can  be  easily  turned  inward.  In 
the  ape  the  first  or  great  toe  ia  turued  inward  and  upward  by  shorten- 
ing its  metatarsal  bone  and  setting  it  obliquely  upon  the  ankle.  Thia 
shortening  and  obliquity  also  occurs  in  the  fcctus ;  the  adult  condition, 
in  which  the  metatarsal  bone  is  lengthened  and  set  straigbt  so  as  to 
give  a  longer  and  firmer  internal  border  to  the  foot,  being  gradually 
acquired.  Many  savage  tribes  still  nse  the  foot  for  climbing  and  have 
a  shorter  metatarsal,  a  wider  epan  between  the  first  and  second  toes, 
and  greater  ease  in  inverting  the  sole.  Connected  with  this  ease  of 
inversion  sbonid  be  mentioned  a  jwculiar,  ape-like  form  of  the  tibia  that 
occnrs  in  people  of  the  stone  age,  in  the  mound  builders,  and  in  some 
American  Indians.  Thia  is  a  fiatt«ned,  aaber-Iike  condition  of  the  bone 
koowQ  as  plat^enemy.  It  is  apparently  to  give  greater  surface  of 
attachment  and  resistance  to  the  pull  of  the  tibialis  anticug,  the  prin- 
dpal  muscle  that  turns  the  sole  inward.  It  is  interesting  to  note  that 
this  peculiarity  ia  much  more  marked  iu  some  early  human  skeletons 
than  in  any  of  the  anthropoid  apes. 
The  poet  says  that  while  other  animals  grovelling  regard  the  earth, 
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Jupiter  g»ve  to  umii  an  uplifted  counteimnce,  and  ordered  him  to  look 
heavenward  and  hold  his  face  erect  towards  tliu  stars. 

"ProDAqne  com  apectent  aDimalia  ceUira  terrain, 
Oa  boiDinI  aubliuie  dedit,  calninqne  tneri 
Jnasit,  et  erectoa  ftd  aiilsra  toilers  Tultua."' 

Odd,  Metamm-pkotti :  1, 8t-8G. 

The  erect  position  is  however  graduall;  acquired.  As  in  the  spliini's 
riddle,  we  literally  go  ou  al!  fours  in  the  tnorning  of  life,  and  the  difB- 
ciilty  that  an  infant  experiences  in  learniQK  ^  walk  is  strong  evi- 
dence that  this  is  aa  accomplishment  acquired  by  the  race  late  in  its 
history.  We  ought  (if  this  is  the  case)  to  find  in  the  human  body  indi- 
cations of  a  previous  semi-erect  posture.  There  is  a  vast  amountof  evi- 
dence of  this  character,  and  I  can  only  sketch  the  outlines  of  it. 

The  erect  position  in  standing  is  secured  by  the  shape  of  the  foot,  by 
the  attachment  of  strong  muscles  at  points  of  severest  strain,  and  b; 
the  configuration  of  the  great  joints  which  permits  them  to  be  held 
locked  when  a  standing  posture  is  assumed.  All  these  featniesare 
liable  to  great  variation;  they  are  less  marked  in  children  and  inti« 
lower  races.    I^et  us  examine  them  somewhat  more  carefully. 

The  Oancasiau  type  of  foot  is  evidently  that  best  adapted  -for  the 
erect  position.  The  great  toe  is  larger,  stronger,  and  longer  than  the 
others,  making  a  firm  support  for  the  inner  anterior  pier  of  the  arch 
formed  by  the  bones — an  arch  completed  by  a  well-developed  heel  and 
maintained  by  a  strong,  dense  baud  of  fascia  and  ligament  binding  the 
piers  together  like  the  tie-rod  of  a  bowstring  trass — thus  producing  a 
light  and  elastic  structure  admirably  adapted  to  support  the  weight  of 
the  body  and  diminish  the  effect  of  shocks.  In  the  lower  races  of  mta 
all  these  characters  are  less  marked.  Tbe  great  toe  is  shorter  and 
smaller,  the  heel-booe  less  strongly  made,  tbe  arch  much  fiatter.  This 
flattening  of  the  arch  produces  the  projection  of  the  heel  foondinsome 
races. 

The  muscles  required  for  maintaining  the  ferect  position  are  those 
which  from  our  predilection  for  human  anatomy  we  are  apt  to  call  the 
great  extensors,  overlooking  tbe  fact  that  in  other  animals  they  are  by 
no  means  as  well  developed  as  in  man.  Being  required  at  the  points  of 
greatest  strain,  all  are  situated  on  the  posterior  aspect  of  tbe  body— 
the  calf,  the  buttock,  aud  the  back. 

A  very  slight  examination  of  any  lower  animal  will  show  how  strik- 
ingly it  differs  in  tbe  muscular  development  of  these  regions.    Tbe 

'  Compare  Hiltou ; 

"A  creAtuK  nho  not  prone 
And  brate  as  other  crestareB.  bat  endued 
With  MQotitj  of  reoaou,  might  erect 
HIb  stature,  and  npHgbt  with  front  aeTene 
Govern  the  rost,  aeir-knoning." 

Faraditt  J^tl :   FC/r  506-Olft 


THE  ASCENT  OF  HAN  455 

great  musisle  of  mau'H  calf)  the  tricot  extauor  sura,  \a  formeil  by  tb« 
wehling  together  of  some  four  mnscles  separate  in  many  lower  forms. 
V&rietJes  are  foaod  in  man  Bhowing  all  grades  of  separation  in  these 
elemente.  One  of  the  mnscles,  the  plantarit,  was  formerly  a  great 
flexor  of  the  toes,  the  plantar  fascia  represeating  its  former  distal  ex- 
tent. Like  tbe  pnlmaris  of  the  arm  it  lost  its  original  function  by  the 
welding  of  tbe  fascia  to  the  bones  to  secure  the  plantar  arch,  and  its 
TaDctions  being  then  assnmcd  by  other  muscles  it  begao  to  dwindle, 
and  is  now  represented  by  a  mere  vestigial  rndiment  of  no  fnucdonal 
vtAoe,  It  is  well  known  that  the  lower  races  of  men  hare  smaller 
calces  than  Enropeaus,  Again,  it  Bhould  be  noted  that  as  the  erect 
position  is  assumed  the  mnscles  required  for  the  flexion  and  independ- 
eot  action  of  the  toes  become  reduced  in  character.  A  comparison 
vitb  other  forms  shows  that  some  of  the  small  masoles  now  con  fined  to 
the  region  of  tbe  foot  formerly  took  their  origin  higher  up,  from  tbe 
bones  of  tbe  leg.  Losing  iu  functional  importance,  they  have  dwindled 
ill  size  and  gradually  moved  downward. 

The  great  gluiai  mnscles  of  the  buttock  find  their  highest  develop- 
meut  in  m»n.  They  are  subject  to  similar  variations.  Certain  ninacles 
of  this  region,  normal  in  apes,  are  occasionally  fonnd  in  man:  a  sepa- 
rate bend  of  the  great  ginttens,  derived  from  the  ischium,  and  the 
Kttmoriiu  or  climbing  muscle  that  assists  the  great  flexor  of  the 
tbigh  (tbe  ilio-pBoas),  may  be  mentioned. 

Tbe  enormous  size  and  complexity  of  the  muscles  of  the  back  in  roan 
are  well  known.  The  erector  of  the  spine  Alls  up  the  vertebral  grooves 
and  sends  up  nomerons  tendons  along  the  back  like  stays  supporting 
tbe  masts  of  a  ship.  Tbe  mass  of  this  mnscle  is  comparatively  less 
is  anthropoid  apes. 

Notwithstanding  all  these  powerful  mnscles,  it  would  be  impossible 
to  retain  tlie  erect  position  for  any  great  length  of  time  were  we  to 
depend  niton  thvm  alone,  for  it  requires  (as  before  stated)  a  great  ex- 
(■emlitare  of  force  to  keep  a  muscle  in  nctive  use.  It  becomes  rapidly 
&tigued  and  then  loses  its  power,  as  any  one  may  prove  by  standing 
in  any  constrained  position,  even  "  in  the  position  of  a  soldier,"  for  half 
lui  hour.  To  provide  against  this,  a  beantifol  arrangement  of  joints 
and  ligaments  has  been  developed. 

When  in  the  erect  attitude  the  ankle-joint  is  so  arranged  that  its 
bones  are  in  a  position  of  greatest  stability  and  the  center  of  gravity 
is  so  adjusted  that  it  falls  directly  upon  it.  This  reduces  to  a  minimum 
tbe  amount  of  muscular  force  reqnired  to  keep  the  body  erect.  At  the 
knee  the  center  of  gravity  falls  a  little  in  front  of  the  axis  of  the  limb, 
and  tlie  back  and  sides  of  tbe  joint  are  provided  with  check  ligaments 
or  straps  that  hold  the  joints  locked  in  a  position  of  hyper-extension, 
BO  that  no  muscular  force  whatever  is  used  to  maintain  it.  These  liga- 
meota  are  regressive  structures,  being  vestiges  of  former  insertions  of 
mosclee  near  the  joint     At  the  hip  a  similar  condition  occurs,  the 
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center  of  gravity  fftlliiig  bebiud  the  joint  aud  tlie  wliole  weigbt  of  tbe 
trunk  beiugUuDg  npon  the  ilio-femural  ligaii]eDt,a  heavily  tbickened 
IwrtioQ  of  the  joint  capsule.  This  striicture  is  much  more  marked  in 
man  tbau  in  other  mammals,  and  is  foDud  to  vary  considerably  in  its 
size  and  strengtii. 

The  spinal  colamn  has  been  remarkably  modified  to  adapt  it  to  the 
erect  position.  Before  the  fifth  month  of  ateriue  life  the  whole  t^M 
describes  a  single,  large,  dorsally  directed  curve  like  that  of  the  quad- 
raped,  arranged  to  accommodate  the  viscera.  As  this  woald  be  incom- 
patible with  tlie  erect  posture,  two  additional  carves  in  the  opposite 
direction  are  formed :  one  in  the  region  of  tbe  loins  jnst  where  the  center 
of  gravity  would  begin  to  fall  forward,  another  in  the  neck  to  coanterut 
the  heavy  and  unstable  weight  of  the  head.  These  carves  are  gradually 
acquired.  Wbile  possessed  by  all  races,  and  iu  a  less  degree  by  the 
higher  apes,  the;  arrive  at  their  highest  development  in  EaropeaiiB; 
wbile  the  lumbar  curve  of  the  lower  races  of  nieu  is  much  better 
adapted  to  runniug  in  a  semi-erect  position  through  the  jungle  or  bosb. 
Careful  measarements  show  that  tbe  shapes  of  thevertebne  have  been 
gradually  modified.  There  is  no  abrupt  transition  from  thespineof  the 
lowest  savages — Australian,  Bashman.  Andaman — to  that  of  tbe  gorilla, 
gibbon,and  chimpanzee. 

There  is  also  evidence  that  tbe  posterior  limbs  have  moved  forward 
upon  tbe  spinal  columa  in  oi-der  that  the  erect  position  may  be  assumed 
with  less  effort.  In  man  tbei-e  are  between  the  skull  afrd  the  sacniiii 
twenty-four  vertebrte.  The  other  primates  have  usually  tweDty>«ii, 
although  the  gorilla,  chimpanzee,  and  orang  agree  with  man.  Now  in 
foetal  life  tbe  attachment  of  the  bip-bones  to  tbe  sacrum  commeocn 
from  below  upward.  Union  first  ot^curs  with  the  third  sacral  vertebra, 
leaving  twenty-six  presacral,  tlieu  advances  forward,  the  first  sacral 
nuitiug  lastof  all.  Tbe  hip-bones  actually  move  np  along  the  spine  a 
distance  of  two  segments.  Occasionally  this  shifting  is  carried  still 
further,  and  but  twenty-three  presacral  vertebrsB  are  left.  Anomalies 
caused  by  an  arrest  of  development  at  some  stage  of  this  process  are 
not  at  all  infrequent.  Tbe  most  common  is  the  wantof  union  between  tbe 
hip-bones  and  the  first  sacral  vertebra,  thus  prodncing  apparently  six 
lumbar  vertebrie.  Amost  beautiful  specimen  of  thisanomaly  wasfoand 
last  winter  in  my  laboratory. 

The  spine  is  sustained  erect  by  stringing  Oom  vertebra  to  vertebra 
numbers  of  short  ligaments  that  reduce  to  a  minimum  tbe  muecniar 
exertion  required  to  support  it.  These  are  particularly  uumeronslw- 
tween  the  spines  along  the  great  dorsal  cnrvatare.  Some  of  these  lig- 
aments are  replaced  by  small  muscles,  very  inconstant  and  variable, 
the  survivals  of  a  whole  system  of  muscnlature  that  had  foritsobjecA 
the  moving  of  tbe  separate  joints  of  the  spine,  one  upon  another. 

The  bead  is  also  ronch  modified  by  the  erect  |>osition.  In  qaadni- 
peds,  its  suspension  requires  an  extensive  apparatus,  a  large,  atroo^, 
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elastic  8tra{v~the  Ugamentum  hucIub — passJug  from  the  tips  of  the 
thoracic  Tertebr^e  to  tlie  occiput,  sendiDg  processes  to  all  the  neck  rer- 
lebne  involved  in  the  dtraio.  Thoagh  need  for  It  has  in  great  degree 
ceased  since  the  head  has  become  poised  in  soch  a  way  as  to  involve 
bat  little  expenditure  of  maecotar  force,  yet  relics  of  this  great  suapen- 
8ory  apparatus  remain  in  man's  neck  in  the  form  of  thickened  fascial 
bauds. 

Tbe  arrangement  of  the  great  foramen  of  the  skall  that  transmits 
the  central  axis  of  the  nervous  system,  the  spinal  cord,  is  necessarily 
different  in  an  auimal  carrying  its  bead  erect  Tbe  foratnen  vonld 
oatarally  tend  to  be  set  forward  more  under  the  center  of  gravity  aud 
its  inclination  vould  be  more  nearly  borizontaL  Here  again  we  see 
tliat  the  ideally  perfect  form  is  more  nearly  approached  in  tbe  civilized 
races.  It  is  never  quite  realized,  and  indeed  tbe  whole  skull  and  its 
contents  evince  markedly  that  they  are  still  undergoing  an  evolntioQ, 
Again  tbe  lower  races  show  variations  that  unitetbem  with  the  anthro- 
poid apes.  Wbile  a  negro  may  have  a  foramen  magnum  inclined  37 
degrees  to  tbe  horizontal,  tbe  orang  ma;  fall  to  36  degrees. 

But  it  is  not  only  in  this  way  that  we  gee  evidence  that  the  erect 
position  has  been  gradually  acquired,  Siuee  gravity  plays  au  impor- 
tant part  iu  tbe  functions  of  the  visceral  and  circulatory  systems,  any 
marked  change  in  tbe  line  of  eqnilibrinm  must  necessarily  be  accom- 
panied by  disturbances.  These  disturbances  to  a  certain  extent  con- 
flict with  the  acquirement  of  the  position,  as  they  weaken  tbe  animal. 
In  the  course  of  time  the  body  may  perhaps  become  adapted  to  the 
changed  conditious,  but  before  that  perfect  adaptation  takes  place  there 
is  a  period  of  struggle.  There  is  abundant  evidence  that  sncb  a  strag- 
gle has  occurred  and  is  yet  going  ou,  the  adaptation  being  as'  yet  far 
ftom  complete. 

Tbe  moBt  striking  and  important  of  these  adaptations  concerns  the 
pelvis.  When  the  erect  posture  is  assumed  the  weight  of  the  viscera 
being  tfarown  upon  this  bony  girdle,  it  becomes  adapted  for  their  sup- 
port by  assuming  a  more  fixed  aud  disb-like  shape.  This  is  naturally 
more  prononnced  in  tbe  female,  since  with  ber  the  pelvis  must  bear 
tbe  additional  weight  of  tbe  pregnant  uterus.  It  is  evident  that  a 
solid,  noyielding,  laterally  expanded  ring  of  small  aperture  would  give 
the  most  effective  support  iu  the  erect  position,  but  it  is  equally  dear 
'hat  witb  any  such  structure  parturition  would  be  impossible.  In  tbe 
quadruped  tbe  act  of  parturition  is  comparatively  easy,  the  pelviu  offer- 
ing DO  serious  hindrance.  The  shape  of  the  female  pelvis  is  therefore 
(he  result  of  a  compromise  between  two  formp,  one  for  support,  tbe 
other  for  ease  in  delivery.  When  we  reflect  that  along  with  the 
acqaireoaent  of  the  erect  position,  the  size  of  the  head  of  tbe  child  has 
gradnally  increased,  thus  forming  still  another  obstacle  to  delivery  and 
to  the  adaptation  which  might  otherwise  have  taken  place,  we  can 
realise  how  serious  the  struggle  has  been,  aud  no  longer  wonder  that 
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(leathb  iu  vbiUI-birtU  lire  uiucU  more  commou  iu  the  bigher  races  and 
tb»t  woman  in  bereuUreurgaoization  shows  signs  of  having  suffered 
more  tbau  man  in  tbe  upward  straggle. 

la  DO  other  animal  is  there  showii  sach  a  distinction  between  the 
pelvis  of  tbe  male  and  that  of  the  female,  a  distinctioD  that  increaaetf 
as  we  aacend  the  scale.  While  the  amount  of  iudividoal  variation  is 
great,  we  yet  see,  particularly  in  the  pelvis  of  tbe  Andaman  lalaoden 
and  of  tbe  Polyansian  races,  distinctly  simian  characters.  The  scant; 
uiaterlal  at  band  indicates  that  a  similar  trausition  occurred  between 
tbe  modern  and  pre-historic  types.  The  approximation  of  the  in&ut^ 
and  simian  forms  is  well  known. 

Tbe  i>elvi8  alone  does  not  suGGce  to  support  the  viscera.  In  quad- 
rupeds the  whole  weight  is  slang  from  tbe  horizontal  spiue  by  meuig 
of  a  strong  elastic  sospensory  bandage  of  fascia,  tbe  tunica  a&domtsolu. 
Tbe  part  of  tbia  near  tbe  thorax  has  in  man  entirely  disappeared,  beiiig 
no  longer  of  any  nse.  In  tbe  groin  it  remains  to  strengtbeo  the  we»k 
points  where  structures  pass  out  from  the  abdominal  cavity.  That  it 
often  is  insufficient  to  withstand  the  great  prossnre  is  testified  by  tbe 
great  prevalence  of  hernia,  another  sign  of  imt^erfect  adaptation.  Tbe 
fVequeacy  of  uterine  displacements,  almost  unknown  in  tbe  qnadniped, 
has  also  been  noted.  It  is  signifloaut  that  one  of  tbe  most  effective  - 
postures  for  treating  and  restoring  to  place  the  disturbed  organ  ia  Ibe 
so-called  "  knee-elbow  position,"  decidedly  quadrupedal  iu  character.     ; 

Many  other  indications  ace  found  in  the  viscera.  Tbe  uriuary  bladder 
is  so  arranged  in  man,  that  any  concretions  tbatmay  occur, do  not  gather 
near  the  opening  of  the  urethra,  where  they  might  be  discharged,  but  bU 
back  into  tbe  cul  de-sac  at  the  base,  where  they  enlarge  and  icritatethe 
mucous  lining."  The  ctecum,  with  its  vermiform  appendage,  a  vestigial 
organ  finding  its  proper  functional  activity  far  below  man,  is  so  placei 
in  quadrupeds  that  tbe  action  of  gravity  tends  to  free  it  from  feeca)  ai 
mulations.  In  man  this  is  not  the  case,  and  as  a  consequence  iofian- 
mation  of  this  organ  or  its  surrounding  tissuea,  very  serious  and  oftea 
fatal,  is  by  uo  means  rare.  It  may  be  noted  that  the  ascending  ecUrn 
is  obliged  to  lift  its  contents  against  gravity,  and  that  in  a  lowered  sti 
of  the  system  this  might  very  readily  induce  torpidity  of  function. 

The  gall  bladder  in  qu»drupedB  also  discharges  at  an  advaotageoM 
angle.    In  man,  although  the  difference  ia  slight,  it  appears  to  be  s 


*  Since  tho  nbovo  nos  writtea,  my  atteutiou  has  been  called  b 
niarkable  pMsage  in  tlie  works  of  Dr.  Erasmus  Darwin.  It  i>cc 
of  Nntore,"  Cfttito  ii,  foot-note  to  line  132. 

"It  hag  been  aappoaed  b;  some  tliat  maakiudwere  formerly  qnadrnpadtaa  well W 
bertnaplirodites ;  and  tliat  soma  parts  of  tbe  body  are  not  yet  so  o 
«recC  posture  as  to  a  horizontal  one  :  as  the  fundus  of  the  bladder 
is  not  exactly  over  tbe  insertion  of  the  urolboa;  nhence  it  is  seldom  coniplstalf 
evacuated,  aud  thus  rebdera  mankind  more  subject  to  thn  stonr  than  if  h<>  hid  p 
teired  bia  horizon talUy."    (The  preface  to  this  poem  ia  dated  Juinary  1,  l^iU.) 
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eient  to  cause  at  times  reteiitioii  aod  consequent  inH|>issatioD  of  the 
lijle,  leading  to  the  formatiou  of  gnll-stones. 

The  qaadrnped'a  liver  haugs  suspended  from  the  spine,  but  as  the 
erect attitade  is  aasnmed  it  depends  more  and  more  from  the  diapbragm. 
The  diaphri^m  in  its  torn  develops  adhesions  with  tbe  fibrous  uovering 
o(  the  heart,  which  is  cootinuoua  vith  the  deep  faaoia  of  tbe  neck,  so 
thRt  ia  effect  the  liver  hangs snspended  from  tbe  top  of  the  thorax  and 
iKueof  the  skull.  This  restricts  in  some  degree  tbe  action  of  tbe  dia- 
phragm aod  coaBnes  the  lungs.  This  must  bave  au  effect  upon  the 
aeration  of  the  blood,  and  consequently  npon  tbe  ability  to  sustain  pro- 
longed and  rapid  muscular  exertion,  /.a  extra  lobe  of  tbe  right  lung 
tbat  ID  animals  inierveuea,  either  constantly  or  during  inspiration,  be- 
tveeo  the  heart  and  tbe  diaphragm,  is  occasionally  found  iu  a  vestigial 
state  in  man. 

The  vascular  system  abounds  in  evidences  that  it  was  primarily 
adapted  to  tbe  quadrupedal  poeition.  By  constant  selection  for  euor- 
raoDs  periods  of  time,  the  vessels  have  become  located  In  the  best  pro- 
tected situations-  It  is  scarcely  possible,to  injure  a  vessel  of  any  size 
in  m  animal  without  deeply  penetrating  the  body  or  passing  quite 
throDgh  a  limb.  In  man,  on  tbe  contrary,  several  great  trunks  are 
comparatively  exposed,  notably  tbe  great  vessels  of  tbe  tbigh,  those  of 
tbe  forearm,  and  of  the  ventral  wall. 

The  iDHnence  that  gravity  has  upon  tbe  circulation  is  well  known. 
Tlie  horizontal  position  of  the  great  venous  trunks  favors  the  easy  fiow 
of  blood  to  the  heart  without  too  greatly  accelerating  it.  Man,  in  whom 
these  trunka  are  vertical,  suffers  thereby  from  two  mechanical  defects, — 
tbe  difficulty  of  raising  blood  through  the  ascending  vena  cava,  whence 
come  congestion  of  the  liver,  cardiac  dropsy,  and  a  Dumber  of  other 
diwiders,  and  the  too  rapid  delivery  through  the  descending  cava, 
*hence  the  tendency  to  syncope  or  fainting  if  for  any  cause  the  action 
of  the  heart  is  lessened.  Olevenger's  admirable  discovery  that  the 
valves  of  tbe  veins  are  arranged  for  a  quadrupedal  position  should  also 
be  mentioned  here.  Evidently  intended  to  resist  the  action  of  gravity, 
they  should,  to  be  effective,  be  found  in  the  large  vertical  trunks.  But 
in  tbe  most  important  of  these  they  are  wanting.  Hence  are  caused 
many  disorders  arising  from  hydrostatic  pressure,  such  as  varicose  veins, 
varicocele,  hemorrhoids,  and  the  like.  Yet  the  values  occur  in  several 
horizontal  trunks,  where  they  are,  as  far  as  we  know,  of  uo  use  what- 
ever. Place  man  on  all  fours  however,  and  it  is  seen  tbat  the  entire 
system  of  valves  is  arranged  with  reference  to  the  action  of  gravity  in 
tbat  position.  The  great  vessels  along  tbe  spine  and  tbe  portal  system 
being  then  approximately  horizontal  do  not  require  valves,  while  all 
the  vertical  trunks  of  considerable  size,  even  the  intercostal  and  jugular 
veins,  are  provided  with  them.  A  confirmation  of  this  view  is  found  in 
the  ^t  tbat  the  valves  are  variable  in  character  and  tend  to  disappear 
in  the  veins  where  they  are  no  longer  needetl. 
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Every  aoiiDal  posaesaing  a  bavkbouti  may  be  said  to  be  fonued  by  tlw 
uuioB  of  a  gtiriea  of  dielc-like  eegmeots  arrauged  on  a  longitadiDsl  uia. 
These  seamen  ta  are  originally  similar  ia  character,  but  become  ^>ecia)ljr 
iDOdifled  in  inDumerable  ways  tu  meet  the  needs  of  tbe  iDdinduL 
Anatooiists  conclade,  npoo  surveying  the  whole  field,  that  this  indictita 
a  derivation  of  the  vertebrates  from  some  form  of  the  annelid  wonns, 
among  which  a  bingle  unit  produces  by  saccesaive  budding  a  compouud 
longitudinal  body.  This  view  ia  folly  confirmed  by  the  behavior  of  ti» 
human  embryo. 

The  iiamber  of  the  Begmeots  varies  couaiderably,  riaiog  aometjines  to 
as  many  as  three  liondred  tu  somo  fishes  and  reptiles,  and  being  gen- 
erally greater  in  the  animals  below  man,  There  are  ninuy  iudicatioDi, 
however,  that  in  man,  segmeots  formerly  possessed  have  dtsappeued. 
Lfeaving  the  skull  for  the  present  out  of  account,  there  are  in  the  adult 
thirty-three  or  thirty-four  vertebrte  that  may  be  held  to  represent  Umh  . 
segmeuts;  the  additional  vertebra,  when  it  occurs,  almost  invariablf ' 
belonging  to  tbe  coccygeal  or  caudal  series.  In  the  haman  embi]«- 
thirty-eight  segmentscan  at  one  time  be  madeoat.  Pour  or  five  of  thc«^ 
generally  disappear,  but  cuses  are  by  no  means  wanting  in  which  t^i 
remain  until  after  birth  and  oonstitnte  a  well-marked  free  tail.  lu  ow 
case,  carefully  examined  and  described  by  Lissner,  a  girl  of  12  years  b4^ 
an  appendage  of  this  character  12.6  centimetres  (very  nearly  5  incbelK 
long.  Other  observers,  probably  leas  careful  aud  exact,  report  moH 
greater  lengths.  From  some  observations  it  would  appear  that  abs«H 
inities  of  this  kind  may  be  transmitted  from  pareut  to  oiTspring.  ! 

Dr.  Max  Bartels  recently  collected  from  widely  scattered  literabOK 
reports  of  116  actually  observed  aud  describetl  cases  of  tailed  men.   Il' 
35  instances,  authors  reported  such  abnormities  to  be  possessed  b;  flk 
eutire  people,  they  themselves  having  observed  certain  individuiK 
These  cases  are  scattered  throughont  the  whole  of  the  knowo  globe  u 
extend  back  for  a  thonaand  years.    When  we  oonaider  that  the  natb 
ticity  of  many  cases  is  beyond  queation,  aud  that  the  number  t 
escaped  accurate  observation  and  report  mast  be  mach  greater,  we  a 
see  that  we  are  not  dealing  with  a  phenomenon  that  is  so  rare  as  h 
generally  been  supposed. 

Other  regressive  structures  are  abundant  in  this  region.     The  ^hb4| 
cord  in  its  earlier  state  extended  the  entire  length  of  tbe  vertebral  q     " 
In  the  cliild  at  birth  it  occupies  only  85  per  cent,  of  that  lengtii ;  in  tl 
adult  75  per  cent.    This  is  due  mainly  to  the  more  rapid  growth  of  A 
spine.    There  stretches  however  from  the  lower  end  of  the  cord  doi 
to  tbe  very  end  of  the  spine  a  small  Uiread-like  atmctnre,  tfae^iwli 
tninale,  a  degenerated  vestige  of  the  lower  caudal  part  of  tbe  a 
cord.     Wiedersheim  suggests  that  the  frequent  occurrence  of  degeMW 
tive  disorders  in  tbe  lowerend  of  tbe  adult  cord  may  be  due  to  a  palk*] 
logical  exteusioD  of  tbe  normal  atrophy,     liauber  fouud  in  this  ragiH 
traces  of  two  additional  pairs  of  spinal  nerves.    The  vesael  that  nm 
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down  in  ^ot  of  the  Bacram  and  coccyx  oorrespondiag  to  tbe  caudal 
«t«r7  of  quadrupeds  Bhows  sifrnsof  a  former  more  extensive  distribn- 
tion,  as  it  ends  in  a  cnriouBly  convoluted  Btrnoture  kuowa  as  the  coccy- 
geal gland,  containitig  vestiges  of  vascular  and  oervons  tissues.  TraceB 
orcaadnl  muscles  'Still  remain,  notably  the  itehiO'COccygeug,  which  in 
animals  moves  tbe  tail  sideways,  and  the  anterior  and  posterior  gacro- 
meygew,  for  flexing  and  extending  it.  Occaaionally  tbe  agitator  cawtee 
is  found  as  a  muscular  slip  passingfrom  the  femur  to  the  coccyx.  TheBe 
mnecles  can  not  be  of  auy  value  iu  man,  aB  the  coccyx  is  practically 
immovable.  AC  the  point  where  the  end  of  the  spine  waB  primarily 
attached  to  tbe  skin  a  dimple  is  formed  by  regressive  growth,  and  here 
(be  direction  of  the  bairs  also  indicates  that  an  organ  has  become 
aborted. 

AnotberinterestingcoDditioDCODDected  with  segmentation  IB  tbe  vary- 
i»E  namber  of  tbe  nbs.  Most  mammals  have  more  ribs  than  man,  and 
aa  we  descend  in  tbe  scale  they  continue  to  increase.  A  study  of  devel- 
opment indicates  that  a  rib  is  probably  to  be  considered  as  an  integral 
pertion  of  a  vertebra.  As  the  arch  of  a  vertebra  incloses  the  central 
aervoDS  BysUm,  Bo  the  ribs  inclose  the  visceral  system.  If  this  be  cor- 
Ret  they  ought  to  be  found  throughout  as  far  as  the  body  cavity  extendB. 
nu  is  really  the  ease.  They  exist  in  the  neck  as  tbe  anterior  bars  of 
k  transverse  processes,  in  the  loins  as  the  transverse  or  coatal  pro- 
Mees  themBelveB,  in  tbe  sacrum  welded  togetheriuto  what  are  known 
a  the  lateral  masses.  A  great  number  of  considerations  derived  f^m 
mnpamtive  anatomy,  from  embryology,  and  from  variations  found  in 
ke  adult,  combine  to  support  these  conclusiooB. 

Nothing  would  seem  less  likely  at  first  sight  than  that  the  capacious 
tpanded  brain-case  or  skull  with  its  complicated  structure  should  be 
Wnposedof  Begmental  pieces  like  tbe  vertcbrie ;  yet  ttaereis  no  doubt 
hat  llie  poet  Goethe  was  ou  the  right  track  when  he  made  that  impor- 
nt  generalization.  The  details  of  the  eegmentatioD  are  very  far  from 
<hig  worked  ont,  but  a  vast  amount  of  evidence  indicates  that  the 
neral  conclosion  is  correct- 
Since  the  predominant  necessity  in  the  construction  of  the  akuU  is  to 
Bold  a  protection  for  the  brain,  we  need  not  be  surprised  to  find  that 
'ii  very  greatly  mo<lified  iu  man.  Enormous  labor  has  been  Itestowed 
poo  craniology  in  an  attempt  to  separate  definitely  tbe  races  of  men 
I  *ell  as  to  connect  them  with  the  lower  forms.  The  success  in  estab- 
■faing  races  has  not  been  such  as  was  anticipated.  A  constant  inter, 
tvling  of  forms  defies  all  attempts  at  a  hard  and  fast  classification, 
fealfio  Bee  types  that  itttergrade  between  anthropoids  and  man,  and 
Ml  abundant  evidence  that  the  human  skull  was  derived  from  a  form 
ttOar  to  that  of  still  lower  mammals. 

At  flist  man's  skull  seems  to  be  much  simpler  than  the  typical  form. 
fce  bones  are  iewer  and  less  complicated.  But  follow  back  the  course 
f  development  and  we  find  the  bones  separating — the  frontal  into  two 
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pieces,  tbe  occipital  and  temporal  each  into  four,  tbe  epbenwd  iDto 
eight,  repeating  what  we  find  as  we  descend  the  vertebrate  scale. 

Many  of  these  peculiarities  may.  remain  tbroDghoat  life.  Sach  are 
the  inter-parietal  bone  (found  very  freqaently  in  ancient  Pemvian  and 
Arizonian  sknlla),  thediviaiouof  the  frontal  and  temporal  bones  eocb 
into  two,  tbe  persistence  of  the  intermaxillary  bones  and  of  that  diri- 
sioD  of  the  cheek  or  malar  bone  known  as  the  ogjaponicum.  Even  deft 
palate,  a  deformity  and  defect  in  man,  merely  re-prodnces  a  state  nat- 
ural to  some  of  tbe  lower  mammals. 

There  are  also  present  structures  that  are  bomologoas  with  the  so- 
called  visceral  arches  represented  in  the  thorax  by  ribs.  Sacb  are  tbe 
lower  jaw,  the  hyoid  bone,  and  the  thyroid  cartilage.  A  study  of  tbe 
embryo  shows  ns  that  these  are  portions  of  a  series  of  bars  primilivdy 
arranged  on  the  plan  of  tbe  branchial  apparatus  of  tbe  water-bieath- 
ing  vertebrates.  Each  bar  has  its  appropriate  skeleton  and  vasoolu 
supply  and  is  separated  from  the  contiguous  ones  by  a  cleft  that  at 
first  passes  entirely  through  tbe  soft  tissues  and  communicates  with  the 
primitive  visceral  cavity.  These  clefts  may  persist  and  cao&o  aerioos 
deformities.  The  skeleton  of  tbe  mandibular  and  liyoid  bars  is  remark- 
able as  containing  indications  of  elements  present  in  the  lower  verte- 
brates. In  fishes,  tbe  lower  jaw  articniates  with  a  large  bone  appar 
ently  not  found  in  mammals,  but  on  tracing  carefully  the  developmeui 
of  the  mammalian  skull  it  is  found  that  this  bone  is  represented  bytiw 
incus,  one  of  the  minute  ossicles  of  the  ear.  In  the  foetns  the  priau- 
tive  lower  jaw,  in  the  shape  of  a  bar  of  cartilage,  actually  extends  into 
the  ear  cavity  and  the  upper  end  of  it  remains  as  (be  malleus.  Belks 
of  the  byoid  or  second  branchial  arch  are  also  found, — tbe  styloid  pn»- 
ess  of  the  temporal  bone  being  one  of  them. 

Tbo  capacity  of  the  cranium  is  usually  held  to  distinguish  maa 
remarkably,  yet  the  lowest  microeephali  approach  tbe  ax*^^  i"  this  nfr- 
pect  and  the  lower  races  have  nnquestionably  smaller  brains  t^au  tkn 
bigher.  As  far  as  can  be  judged,  there  has  also  been  an  increase  is 
average  capacity  during  historic  times.  One  fact  pointed  out  by  Qm-  ■ 
tiolet  is  very  significant.  In  monkeys  and  in  the  inferior  races  tbe  oai^  ■ 
fication  of  the  sutures  commences  at  tbe  anterior  part  of  the  head,  wbila 
in  Europeans  these  sutures  are  the  lost  to  close.  This  would  indieata 
a  greater  and  longercontinued  increase  of  the  frontal  lobes  of  the  brail. 

The  same  remarks  may  be  made  concerning  tbe  facial  angle  mA- 
prognathism.  While  by  none  of  the  different  angles  proposed  have  w* 
been  able  to  definitely  separate  distinct  races,  yet  we  fiud  that  tkb 
angle  of  the  lower  races  and  of  microcepbali  approaches  that  of  tfe* 
anthropoid  npes,  and  that  ns  tbe  capacity  of  the  skull  has  increased  Ak 
jaw  has  beenthrnst  back  under  it  to  support  tbe  weight.  ThisBbort«to 
ing  of  the  jaw  gives  the  ebaracteristio  expression  of  the  civilixed  ta& 
We  at  once  recognize  a  bnitiU  physiognomy  by  the  projection  and  d^ 
velopmeiitof  tlie  great  masticating  apparatus,  usetl  in  mos 
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Dear  man  aa  a  formidable  ireapon  of  defense.  Tbe  Bborteuiug  has 
produced  some  very  remarkable  chaDgee,  It  has  shoved  the  third 
molftr  or  "  wisdom  tooth  "  so  for  baclc  that  it  is  crowded  against  the  as- 
wndiDg  part  of  the  iaw,  thereby  occasioning  distnrbance  and  trouble 
in  iu  eni)>tioD.  Being  no  louger  practically  nseful,  it  tends  to  dis- 
appear, and  many  people  never  cut  any  wisdom  teeth.  Among  the 
Anstralasians,  on  the  contrary,  a  fourth  molar  is  not  infrequently  found ; 
ttiis  rarely  occnra  in  European  aknllsalso,  Evidences  exist  of  a  lost 
iodsor  in  the  npper  jaw  on  each  side.  Dental  follicles  form  for  it  and 
ngaally  abort,  but  occiisionally  the  tooth  appears  fully  developed  in  the 
atlalt.  The  great  canines  or  eye-teeth,  used  iu  apes  and  other  animals 
for  tearing  and  holding,  are  in  them  longer  and  larger  tbau  the  other 
teetb,  and  room  Is  made  for  them  iu  the  opposite  jaw  by  leaving  an 
ioterval,  called  the  diastema,  between  the  canine  and  the  tooth  next  to 
it  These  larf^e  projecting  canines  have  disappeared  in  tbe  normal 
bnman  sknll  and  tbe  diastema  has  acconlingly  closed  np.  Tet  it  is  by 
DO  means  nncommon  to  see  the  whole  arrangement  re-appear,  especially 
in  low-type  skulls.  Projecting  canines  or  "  snag  teeth  "  are  so  common 
Id  low  faces  as  to  be  universally  remarked,  and  would  be  ofteuer  seen 
did  not  dentists  interl'ere  and  remove  them.  It  may  be  noted  also  that 
Uie  mnscle  that  lifts  the  lip  fh>m  over  tbe  caoiues  and  bares  the  weaiwu, 
ofteD  re-appe-ars  iu  m  an  and  is  used  to  produce  snarling  and  disdainful 
eipTessions. 

Many  details  of  strnctnre  of  tbe  sknll  point  iu  the  same  direction. 
Occasionally  the  occipital  bone  has  a  third  condyle,  as  in  some  other 
munmalB,  or  a  large  lateral  projection  like  that  of  a  vertebra,  the  para- 
mastoid  process,  or  indications  of  a  separate  centrum  {os  basioticum  of 
AJbrecht).  It  may  have  interiorly  a  hollow  (  fosaette  vermienne)  for  tbe 
Ttrmiform  process  of  tbe  cerebellum,  and  exteriorly  a  large  transverse 
ridge  {torus  occipitalit)  ou  which  are  iuserted  tlie  muscles  of  the  nape. 
All  these  peculiarities  are  more  frequent  as  we  descend  the  scale, 
thether  we  regard  the  lower  races  of  mau,  microcephalic  iudividuals, 
vt  lower  animals.  Like  many  of  these  atavistic  features  tbey  are  also 
■mre  common  among  tho  criminal  classes. 

1  have  omitted  the  discussion  of  many  important  structural  featui-es 
ttUmark  various  stadia  in  man's  ascent.  From  the  muscular  system 
^e  there  could  be  adduced  a  very  great  number  of  instances  of  the 
ttrvival  of  primitive  forms  and  of  progressix'e  variations,  particularly 
bi  tlie  development  of  the  muscles  of  the  face  and  breast.  In  the 
tmeoiu  system  also  there  are  many  such,  among  which  may  be  men- 
tined  the  epistemal  bones,  the  central  bones  of  the  wrist  and  ankle, 
nd  the  OS  acetabulL  Tbe  exact  siguificance  of  these  is  st'll  under 
dUcDssion,  as  is  also  the  question  of  supernumerary  digits  that  8ome> 
tines  appear  on  the  bauds  and  feet. 

Additioual  instances  might  bo  drawn  from  the  visceral  system.  The 
tuynx  contains  small  throat  pouches  like  the  great  air  saca  of  the 
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antbropoid  apes.  The  pbarynx  of  the  embryo  is  lined  with  cilia  like  that 
of  the  very  lowest  vertebrates.  Traces  of  the  primitive  iotestine  ue 
shown  by  the  pecaliar  distribation  of  nerves  and  the  foldiog  of  the 
peritoneum.  The  liver  and  spleen  both  ocoasiooally  indicate  a  previous 
simpler  condition,  and  the  intestine  has  sometimes  divertienlii of  do 
fanotionat  use — indeed,  likely  to  be  dittadvantageoas — ^yet  poiabneto 
a  previoas  state.  These  anomalies  never  occar  at  random,  but  caa  be 
explained  consistently  npon  the  theory  of  reversion. 

The  genito-urinary  system  aboauds  in  them.  The  nterns  ma;  have 
tno  cavities,  as  in  maoy  quadrapeds,  or  approach  that  conditioa  \ij 
being  bicorunat«,  as  in  apes,  and  a  great  variety  of  other  vestigial 
stmctareB  occur,  all  pointing  back  to  an  original  ueatral  conditiaB, 
before  the  sexes  were  differentiated. 

In  the  nervous  system  there  is  no  lack  of  instances.  Onr  stadiea  of 
the  brain  are  as  yet  far  from  complete — indeed,  we  seem  to  be  oaly  at 
the  threshold  of  a  reasonable  knowledge  of  the  nervons  centers— and 
the  crowd  of  names,  the  inextricable  maze  of  synonymy  that  nov  ob- 
Bcnres  that  region,  is  only  a  mark  of  onr  ignorance.  It  ia  a  case  of 
"omne  ignotum  pro  mirifieo;"  ignorant  of  the  trne  value  of  the  parts 
we  examine,  we  have  named  even  the  most  insignificant  details  of  stioe 
ture.  Perhaps  one  of  the  most  interesting  results  of  modern  rese&icb 
is  the  conclnsioo  that  the  psychic  life  of  onr  ancestors  must  have  bees 
different  from  onrown,  since  they  possessed  organs  of  sensation  differing 
in  degree  and  protKtbly  in  kind.  The  sense  of  smell  as  indicated  b;  the 
size  of  the  olfactory  bulbs  of  the  brain  is  decreasing  in  acnteness.  Hie 
foetal  brain  possesses  comparatively  larger  bulbs,  as  do  also  tiie  bnins 
of  lower  races,  and  of  anthropoid  apes.  The  sense,  being  no  longerre- 
quired  for  the  preservation  of  the  species,  is  slowly  becoming  daUed. 
Jacobsou'a  organ,  a  carious  structure  found  in  many  mammals,  com- 
bining in  some  unknown  manner  the  olfactory  and  gustatory  senses, 
occurs  in  a  vestigial  state  in  man,  and  the  duct  connecting  it  with  tlie 
mouth  yet  remains  as  the  anterior  palatine  canal.  The  pineal  and  pim- 
itary  bodies  of  the  brain  probably  represent  obliterated  sense  or^o^ 
the  former  being  an  eye,  the  latter  haviug  some  connection  with  the 
pharynx.  Our  other  senses  have  also  been  modified.  The  eye  ba«  a 
rudimentary  third  eyelid,  snch  as  birds  and  lizards  possess,  covered 
with  minute  hairs.  The  external  ear  shows  signs  of  derivation  from  the 
pointed  ear  of  quadrupeds  and  abounds  in  vestigial  muscles  suohas 
they  use  for  controlling  and  directing  it. 

From  this  rapid  sketch  it  will  be  apparent  to  yon  that  the  evidence 
that  man's  path  upward  has  led  along  the  same  route  travelled  by  other 
animals  is  now  very  powerful  in  its  cumulative  weight.  By  no  otliei 
argument  can  we  satisfactorily  explain  the  bewildering  maze  of  reMni- 
b'ances;  yet  when  called  npon  to  fix  the  exact  line  by  which  wehave 
reached  our  present  estate  we  at  once  meet  with  serions  difficnllies. 
-  It  is  a  popular  misconception  that  there  has  been  a  regular  chain-like 


THE   ASCENT   OF   HAN.  4ti5 

series,  with  now  and  then  a  *'  miasiug  link."  The  various  races  of  men 
and  the  higher  simians  are  merely  one  branch  of  the  great  tree  Yggdrasil, 
that ororshadovra  the  whole  earth  aod  reaches  up  iuto  heaveu.  The 
iodiTidoals  that  we  compare  occnpy  the  terminal  twigs  of  thnt  branch, 
bdag  not  related  directly,  but  only  as  springing  from  a  commoa  stock. 
Tba  faot  that  resemblances  occur  does  uot  neceasnrily  prove  a.  lineal 
descent,  bnt  rather  a  common  ancestry.  The  races  of  man  arose  far 
back  ID  pre-historie  night.  Each  in  its  own  way  fought  the  struggle  for 
eitsteuce.  Favored  more  by  climate,  the  Caucasian  appears  to  have 
sltaiaed  an  iutellectaal  superiority ;  yet  it  should  not  be  forgotten  that 
the  others  also  excel,  each  in  its  own  special  way.  The  white  races  en- 
dare  with  difflonlty  the  climate  of  the  tropics,  and  without  help  would 
starre  iu  the  Australian  bush  and  the  Arctic  ice  fields. 

Xot  with  standing  all  that  I  haveaaidconcemiDgreversive  characters, 
ve  ;et  have  hardly  suffloieut  structural  grounds  for  separating  the 
ranes  of  man.  Different  varieties  of  the  Caucasian  race  show  marked 
vmstiODS.  Between  the  lowest  and  most  brutalized  laborers  and  the 
cnltivated  and  intelligent  classes  there  exist  anatomical  differences  as 
great  as  those  which  separate  the  white  and  the  negro.  The  rapid 
cltauge  in  the  African  races,  remarkably  shown  in  America  in  the  three 
seaeratioDS  aow  before  ns,  is  a  more  conclusive  proof  of  inferiority,  as 
it  indicates  tbat  they  have  not  had  tinie  to  acquire  fixed  ciiaracters. 

Again,  as  to  the  anthropoid  apes,  it  is  evident  that  they  bave  widely 
<Iiverged  from  man  and  that  none  represent  the  primitive  ancestor  from 
'hich  all  were  derived.  The  comparison  of  a  human  skull  with  that  of 
an  adult  gorilla  or  chimpanzee  is  very  striking.  Ou  the  one  Imud  we 
eee  all  the  structural  featnres  subordinated  to  the  necessity  of  forming 
n  capacious  receptacle  for  the  brain ;  on  the  other,  a  similar  subordina- 
tion for  prodacing  an  effective  fighting  apparatus— jaws,  teeth,  and 
'iilges  for  the  insertion  of  powerful  muscles.  Iu  one,  intelligence  pre- 
Inmiiiates;  in  the  otlier,  force.  The  skulls  of  the  young  of  alt  these 
>pecies  show  however  much  greater  resemblances  than  those  of  adults. 
This  seems  to  indicate  that  there  mast  have  been  n  primitive  common 
ype  from  which  all  have  diverged.  Savages,  when  ill-fed  and  living  in 
infavorable  conditions,  may  simulate  the  habits  of  anthropoid  apes,  and 
his  has  an  effect  upon  their  physical  structure,  yet  not  on  that  account 
bould  we  too  readily  accept  their  close  relationship. 
In  this  summary  I  have  purposely  refrained  from  any  discussion  of 
lie  physiological  phenomena  tbat  necessarily  accompany  anatomical 
tmctare.  Tet  these  are  most  important.  Auatomy  and  physiology 
re  inseparable,  each  being  dependent  upon  the  other.  The  results  of 
iie  erect  position,  of  increased  size  of  brain,  of  greater  specialization  of 
imbs,  are  almost  incalculably  great,  so  great  that  they  affect  the  whole 
feof  the  animal,  control  hia  habits,  direct  his  actions  in  war  and  in  the 
base,  and  finally  mold  peoples,  nations,  and  races. 

H,  Mis.  129 30  .-  , 
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As  Cuvter  was  able  to  deduce  au  animal's  babite  from  the  shape  of 
his  teeth,  so  we  may  speculate  as  to  man's  past  and  future  ftvm  an  ei- 
aminatioD  of  his  anatomy.  ^*Ex  pede  Serculem"  has  Dot  ceased  to  be 
true.  Tt  would  be  imiKtsstble  for  me  to  adequately  treat  of  all  these 
results  in  one  short  hour;  tbu  subject  must  necessarily  be  deferred  to 
auother  time  and  another  place.  If  I  have  succeeded  in  ahoviug  yoQ 
that  structural  features  form  uo  insigui'icaut  part  of  anthropology  my 
otgect  is  attained. 
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ANTIQUITY  OF  MAU.» 
By  John  Btajus,  F.  B.  S. 


Id  tbe  year  1870, 1  had  the  honor  of  presiding  over  what  was  then 
the  Department  of  Ethnology  in  the  Biological  Section  of  the  British 
Aasociation  at  its  meeting  in  Liverpool.  Sinoe  that  time  20  years  have 
elapsed,  during  the  greater  portion  of  which  period  the  sabjects  in 
vliich  ve  are  principally  interested  have  been  discassed  in  a  depart- 
ment of  anthropology  forming  part  of  the  organization  of  the  Biolog- 
ical Section,  althongh  since  1883  there  has  been  a  new  section  of  the 
wociatioD,  that  of  anthropology,  wbiob  has  thas  been  placed  upon 
the  same  level  as  the  various  other  sciences  represented  in  this  great 
parliament  of  knowledge.  This  gradual  advance  in  its  position  among 
other  branches  of  science  proves,  at  alt  events,  that  whatever  may 
tuve  been  our  actual  increase  in  knowledge,  anthropology  has  gained 
and  not  lost  in  pablio  estimation ;  and  tbe  interest  in  all  that  relates  to 
the  history,  physical  characteristics,  and  progress  of  the  human  race 
is  even  more  lively  and  more  universal  than  it  was  20  years  ago.  Dur- 
ing those  years  mnch  study  has  beeu  devoted  to  anthropological  ques- 
tions by  able  investigators,  both  in  England  and  abroad,  and  there  is 
it  the  present  time  hardly  any  civilized  country  in  the  world  iu  which 
there  has  not  been  founded,  nnder  some  form  or  another,  an  anthropo- 
logical society,  the  publications  of  whicb  are  yearly  adding  a  greater 
or  less  quota  to  oar  knowledge.  The  subjects  embraced  in  tliese  studies 
aretoonnmeroueandtoovastforme  to  attempt  even  in  a  cursor}' man- 
ner to  point  out  iu  what  special  departments  the  principal  advances 
have  been  made,  or  to  what  extent  views  that  were  held  aa  well  estab- 
lished 20  years  ago  have  had  either  to  be  modified  in  order  to  place 
them  on  a  snrer  foundation,  or  have  had  to  be  absolutely  abandoned. 
Sor  coold  I  Qudertake  to  ennmerate  all  tbe  new  lines  of  investigation 
which  tbe  ingenuity  of  students  has  laid  open,  or  the  different  ways  iu 
which  investigations  that  at  first  sight  might  appear  more  curious  than 
DBefal  have  eveutnally  been  found  to  have  a  direct  bearing  upon  the 
ordinary  aSalrs  of  bumao  life,  and  their  results  to  besusceptible  of 

*  PretideDtial  atldreaa  before  tbe  ADtbropolo);ioal  Section  of  the  Britisb  Association 
Adv.  Sci.  meetiii);  at  I-^oaH,  September,  l»M.  (From  Nalure,  Septeinl>er  IK,  1N90, 
M1.XUI,  pp.  007-110.)  ,-■  I 
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application  towards  the  promotion  of  the  pnhlic  welfare.  I  may  how- 
ever in  the  short  apace  of  time  to  which  an  openiog  address  ought  to 
be  confined,  eallyoar  attention  to  one  or  two  sabjectn,  both  theoretical 
and  practical,  which  are  still  nnder  diaonssion  b;  anthropologists,  and 
on  which  as  yet  do  general  agreement  has  been  arrived  at  by  those  who 
have  most  completely  gone  into  the  qaestions  inTolred. 

One  of  these  qnestiona  is:  What  is  the  antiquity  of  the  haman  race, 
or  rather,  what  is  the  antiquity  of  the  earliest  objecta  hitherto  fonnd 
which  can  with  safety  be  assigned  to  the  handiwork  of  manf  This 
qnestion  is  ensceptible  of  being  entirely  separated  from  any  Bpecnlations 
as  to  the  genetie  descent  of  mankind ;  and  even  were  it  satisfactorily 
■  answered  to-day,  new  facta  might  tomorrow  come  to  light  that  would 
again  throw  the  question  entirely  open.  On  any  view  of  probabilities 
it  is  in  the  highest  degree  nnlikely  that  we  shall  ever  discover  the  eiaet 
cradle  of  oar  race,  or  be  able  to  point  to  any  object  as  the  first  product 
of  the  indnstry  and  intelligence  of  man.  We  may  however  I  think, 
hope  that  fW)m  time  to  time  fresh  disooveriesmay  be  made  of  objects  of 
hamau  art — under  sach  circamatances  and  conditions  that  we  may  infer 
with  certainty  that  at  some  given  point  in  the  world's  history  mankiiid 
existed,  and  in  sufficient  nambera  for  the  relics  that  attest  this  exist 
ence  to  show  a  correspondence  among  themselves,  even  when  dlsoov- 
ered  at  remote  distances  from  each  other. 

Thirty-one  years  ago,  at  the  meeting  of  this  association  at  Aberdeen, 
when  Sir  Charles  Ljell,  in  the  Geological  Section,  called  attention  to 
the  then  recent  discoveries  of  Paleeolithic  implements  in  the  valley  of 
the  Somme,  his  conclusions  as  to  their  antiquity  iverereceiveil  with  dis- 
trust by  not  a  few  of  the  geologists  present.  Five  years  afterwards,  in 
1864,  when  Sir  Charles  presided  over  the  meeting  of  this  association  at 
Bath,  it  was  not  without  reason  that  he  quoted  the  saying  of  the  Irish 
orator,  that  "  they  who  are  bom  to  affluence  can  not  easily  imagine  how 
long  a  time  it  takes  to  get  the  chill  of  poverty  out  of  one's  bones."  Ifor 
was  he  wrong  in  saying  that  '*  we  of  the  living  generation,  when  called 
upon  to  make  grants  of  thousands  of  years  in  order  to  explain  the  events 
of  what  is  called  the  modem  period,  shrink  naturally  at  first  from  mak- 
ing what  seems  so  lavish  an  expenditure  of  past  time.  Thronghont  onr 
early  education  we  have  been  accnstomed  to  such  strict  economy  in  all 
that  relatestothechronology  of  the  earth  and  its  inhabitants  in  remote 
ages,  so  fettered  havo  we  been  by  old  traditional  beliefs,  that  even  wben 
onr  reason  is  convinced  and  we  are  persuaded  that  we  onght  to  make 
more  liberal  grants  of  time  to  the  geologist,  we  feel  how  bard  it  is  to 
get  the  chill  of  poverty  out  of  onr  bones," 

And  yet  of  late  years  how  little  have  we  heard  of  any  scruples  in  ac- 
cepting as  a  recognized  geological  fact,  that  both  on  the  contiuent  of 
Europe  and  in  these  islands,  which  were  then  more  closely  connected 
with  that  continent,  man  existed  during  what  is  known  as  the  Quottf- 
nary  period,  and  was  a  contemporary  of  the  mammoth  andhairj'rhinoo- 
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oos,  aaA  of  other  animals,  several  of  wbich  are  either  entirely  or  locally 
extJDct.'  It  is  trae  that  there  are  still  some  differences  of  opinion  as  to 
the  exact  relation  in  time  of  the  beds  of  river  gravel  containing  the  relics 
of  man  and  the  Qnatemary  fauna  to  the  period  of  great  cold  which  is 
known  as  the  Glacial  period.  Some  authors  have  regarded  the  gravels 
as  pre-Olacial,  some  as  Glacial,  and  some  as  post-Glacial ;  but  after  all, 
this  is  more  a  question  of  terms  than  of  principle.  All  are  agreed  for 
iDStanoe,  that  in  the  eastern  counties  of  England  implements  are  found 
in  beds  posterior  to  the  invasion  of  cold  conditions  in  that  particular 
regioD,  though  there  may  be  doubts  as  to  bow  much  later  these  condi- 
tions may  have  prevailed  in  other  parts  of  this  country.  All  too  are 
agreed  that  since  the  deposit  of  the  gravels  considerable  changes  have 
taken  place  in  the  eonflgnration  of  the  surface  of  the  country,  and  that 
the  time  necessary  for  soch  changes  must  have  been  very  great,  though 
thoee  in  whom  bones  the  chill  of  poverty  still  clings  are  inclined  to  call 
in  influences  by  which  the  time  reqoired  for  the  erosion  of  the  river 
valleys  iu  which  the  gravels  occur  may  be  theoretically  diminished. 

On  the  other  hand,  there  have  been  not  a  few  who,  feeling  that  the 
evidence  of  the  existence  of  the  human  race  has  now  been  satisfactorily 
established  for  Quaternary  times,  and  that  there  is  no  proof  that  what 
has  been  found  in  the  ordinary  gravels  belongs  to  anything  like  the  first 
phases  of  the  family  of  man,  have  sought  to  establish  bis  existeuce  in 
far  earlier  Tertiary  times.  In  the  view  that  earlier  relics  of  man  than 
those  found  in  the  river  gravels  may  eventually  be  discovered,  most  of 
those  who  bave  devoted  special  attention  to  the  subject  will,  I  think, 
concur.  But  snch  an  extension  of  time  can  only  be  granted  on  concln- 
Hive  evidence  of  its  necessity,  and  before  accepting  the  existence  of 
Tertiary  man  the  grounds  on  which  his  family  tree  is  based  require  to 
be  most  carefully  examined. 

Let  me  say  a  few  words  as  to  the  principal  instances  on  which  the 
believer  in  Tertiary  man  relies.  These  may  be  classified  under  three 
heads:*  (1)  the  presumed  discovery  of  parte  of  the  human  skeletou ; 
'2)  that  of  animal  bones  said  to  bave  been  cut  and  worked  by 
tbe  hand  of  man ;  and  (3)  that  of  tlinta  thoaght  to  be  artificially  fash, 
ioned. 

On  most  of  these  I  bave  already  commented  elsewbere.f  Under  the 
first  head  I  may  mention  tbe  skull  discovered  by  Prof.  Ooccbi  at  Olmo, 
near  Arezzo,  with  which,  however,  distinctly  Neolithic  implements  were 
associated ;  the  skeletons  found  at  Castelnedolo,  of  which  I  need  only 
■ay  that  M.  Sergi,  who  described  the  discovery,  regarded  them  as  tbe 
remains  of  a  family  party  wbo  had  suflered  shipwreck  in  Pliocene 
Hmn;  and  the  fossil  man  of  Denise,  in  the  Auvergne,  mentioned  by 

'8m  a.  Arcellu,  "  L'Homme  Tertlftire,"  Paria,  20  rue  da  la  Cbaite,  1869. 
t  IVsM.  Herlt.  Nat.  Bitt.  Soti„Yo\.  I,p.l4&;  "Addrwa  to  the  AoUiiop.  lost.,"  1883, 
J*lkro|>  Joum.,  vol.  xti,  p.  565. 
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Sir  Charles  Lyell,  who  may  have  been  buried  in  more  recent  times  un- 
der iava  of  Pliocene  date.  On  these  discoveries  no  saperetructuro  can 
be  built.  The  Oalaveras  eball  seems  to  have  better  claims  to  a  high 
antiquity.  It  is  said  to  have  been  foand  at  a  depth  of  153  feet  in  the 
auriferoug  gravels  of  California,  containing  remains  of  mastodon,  and 
covered  by  five  or  six  beds  of  lava  or  volcanic  ashes.  But  here  again 
doubts  enter  into  the  ooao,  aa  well-fashioned  mortars,  stone  hatchets, 
and  even  pottery  are  said  to  occur  in  the  same  deposits.  In  the  Bame 
way  the  discoveries  of  M.  Ameghino  at  the  mouth  of  the  Plata,  in  the 
Argentine  Bepablic,  require  much  further  corroboration. 

The  presumably  worked  bones  which  I  have  placed  in  the  Becond 
category,  snch  as  those  with  iuclsions  in  them,  from  SL  Prest,  near 
Ghartres,  the  cut  bones  of  Cetacea  in  Tuscany,  the  fractured  bones  in 
our  own  crag  deposits,  and  numerous  other  specimens  of  a  atmilar 
character,  have,  by  most  geologists,  been  regarded  as  beariag  marks 
entirely  due  to  oataral  agencies.  It  seems  more  probable  thM  in 
bones  deposited  at  the  bottom  of  Pliocene  seas  cuts  and  marks  should 
have  been  produced  by  the  teeth  of  carnivorons  fish  than  by  men  vho 
could  only  have  lived  on  the  shores  of  the  seas,  and  who  have  left  behind 
them  no  instruments  by  which  such  cuts  as  these  on  the  bones  ooold 
have  been  produced. 

As  to  the  third  category,  the  instnimeuts  of  flint  reported  to  have 
been  found  in  Tertiary  deposits,  those  best  known  are  from  St.  Prest 
and  Thenay,  in  the  northwest  of  France,  and  Otta,  in  Portugal. 

These  three  localities  I  have  visited ;  and  though  at  the  two  former, 
the  beds  in  which  the  flints  were  said  to  have  been  found  are  certainl; 
Pliocene,  there  is  considerable  doubt  in  some  cases  whether  the  flints 
have  been  fashioned  at  all,  and  in  others  where  they  appear  to  have 
been  wrought,  whether  they  belong  to  the  beds  in  which  they  are  re- 
ported to  have  been  found,  and  have  not  come  from  the  sarface  of  the 
ground.  Even  the  saggestiou  that  the  flints  of  Thenay  were  fashioned 
by  tlie  Dryopithecus,  one  of  the  precursors  of  man,  has  now  been  re- 
tracted. At  Otta  the  flakes  that  have  been  found  present,  as  aml^ 
only  a  single  bulb  of  percussion,  and  having  been  foond  on  the  snrface, 
their  evidence  is  of  small  value.  The  exact  geological  age  of  the  beds 
in  which  they  have  occurred  is  moreover  somewhat  .doubtful.  On  the 
whole,  therefore,  it  appears  to  me  that  the  present  verdict  as  to  Ter- 
tiary man  must  be  in  the  form  '*  Not  proven." 

When  we  consider  the  vast  amount  of  timecomprised  in  the  Tertiaiy 
period,  with  its  three  great  principal  subdivisions  of  the  Eocene,  Mio- 
cene, and  Pliocene,  and  when  we  bear  in  miud  that  of  the  vertebrate 
laud  animals,  of  the  Eocene,  no  one  has  survived  to  the  present  tiow, 
while  of  the  Pliocene,  but  one^the  hippopotamus — remains  namodtfied. 
the  chances  that  man  as  at  present  constituted  should  also  be  a  sur- 
vivor {tom  that  period  seem  remote ;  and  against  the  species  Some 
dajnens  having  existed  in  Miooene  times,  almost  inoalcalable.    Hie  A 
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priori  improbability  of  flndiDg  man  unchanged,  while  all  the  other  ver- 
tebrate animals  around  him  have,  from  nataral  causes,  undergone 
mora  or  less  extensive  modification,  will  induce  all  careful  investigators 
to  look  closely  at  any  evidence  that  would  cany  him  back  beyond 
Qaaternary  times ;  and  though  it  would  be  unsafe  to  deny  the  possibil- 
ity of  snch  an  early  origiu  for  the  human  race,  it  would  be  unwise  to 
ngard  it  as  established  except  on  the  clearest  evidence. 

Another  question  of  more  general  interest  than  that  of  tbe  existence 
of  Tertiary  man  is  that  of  the  origiu  and  home  of  the  Aryan  family. 
The  views  apon  this  subject  have  undergone  important  modification 
daring  the  last  20  years.  The  opinions  based  upon  comparative  phi> 
lologj  alone  have  received  a  rude  shock  and  the  highlands  of  Central 
Asia  are  no  longer  accepted  without  question  as  the  cradle  of  the  Aryan 
family,  but  it  is  snggested  that  their  borne  is  to  be  sought  soraewbere 
in  Dorthem  Europe.  While  the  Germans  contend  that  the  primitive 
Aryans  were  the  bine-eyed  dolicbooepbalie  race  of  which  the  Scandi- 
oaviauB  and  Xorth  Germans  are  typical  examples,  the  French  are  in 
favor  of  the  view  that  the  dark-haired  brachycephalic  race  of  Gauls, 
now  well  represented  in  the  Auvergne,  is  that  of  the  primitive  Aryans. 
I  am  not  going  toenter  deeply  into  this  question,  on  which  Canon  Isaac 
Taylor  baa  recently  published  a  comproheusive  treatise,  and  Mr.  Frank 
Jevons  a  translation  of  Dr.  Schrader's  much  more  extensive  work, 
"The  Pre-faistoric  Antiquities  of  the  Aryan  Peoples."  Looking  at  the 
changes  that  all  languages  undergo,  (even  when  they  have  the  advan- 
tage of  haviug  been  reduced  into  the  written  form,)  and  bearing  in  mind 
the  rapidity  with  which  these  changes  are  effected;  bearing  in  mind, 
also,  our  extreme  ignorance  of  the  actual  forms  of  language  in  use 
among  pre-historic  races  unacquainted  with  the  art  of  writing,  I,  for 
one,  can  not  wonder  at  a  something  like  a  revolt  having  arisen  against 
tlie  dogmatic  assertions  of  those  who  have,  in  their  efforts  to  le  construct 
eatly  history,  confined  themselves  simply  to  the  comparative  stndy  of 
languages  and  grammar.  Bnt  notwithstanding  any  feeling  of  this 
tind,  I  think  tbat  all  must  admire  the  enormoas  industry  and  the 
varied  critical  faculties  of  those  who  have  pursued  these  studies,  and 
niQgt  acknowledge  that  the  results  to  which  they  have  attained  can  not 
tightly  be  set  aside,  and  tbat  so  far  as  language  alone  is  concerned, 
the  different  families,  theirprovinces,  and  mutual  relations,  have  in  the 
main  become  fEtirly  established.  The  study  of  "  linguistic  paleontol- 
ogy," as  it  has  been  termed  will  help  no  doubt  in  determining  still 
more  accurately  the  afllnities  of  the  different  forms  of  language,  and  in 
filing  the  dates  at  which  one  separated  from  another,  as  well  as  the 
position  tbat  each  should  occupy  on  the  family  tree,  if  snch  a  tree 
exists.  But  even  here  there  is  danger  of  relying  too  much  on  negative 
evidence  ;  and  the  absence — in  the  presumed  original  Aryan  language — 
of  special  words  for  certain  objects  in  general  use,  ought  not  to  be  re- 
garded as  a^rding  absolute  proof  that  snob  objects  were  unknown  at 
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the  time  when  tlie  laogiiagescoDtaiDiDg  such  words se|»rated  from  the 
parent  stock.  Not  only  Prof.  Huxley,  bat  Brocs  and  others  liave 
inaisted  that  laugaage  as  a  test  of  race  is  as  often  ae  not,  or  even  more 
often  than  not,  entirely  misleading.  The  manner  in  which  one  form  of 
langnage  floarisUes  at  the  expense  of  another;  the  rarions  vayain 
which  alsngnagespreadseveD  otherwise  than  by  oouqaest;  the  fact  tfau 
different  races  vith  totally  different  physical  cfaarauteristics  arefre- 
qnently  found  speaking  the  same  language  or  but  slightly  different 
dialects  of  it; — all  conduce  to  show  how  imperfect  a  guide  comparative 
philology  may  be  so^far  as  anthropological  resnlts  are  concerned. 

Of  late,  pre-historio  archaeology  Las  been  invoked  to  the  aid  of  lin- 
guistic researches ;  but  here  again  there  is  great  danger  of  those  vho 
are  most  conversant  with  the  one  branch  of  knowledge  being  but 
imperfectly  acqaaint«d  with  the  other.  The  different  conditions  ]ire- 
vailing  in  different  countries,  the  degrees  of  iuterconrse  with  other 
more  civilized  nations,  and  local  ciroamstances  which  influence  the 
methods  of  life,  all  add  dlfflcnlties  to  the  laying  down  of  any  compre- 
hensive scheme  of  archteological  arrangement  which  shall  embrace  the 
relics,  whether  sepulchral  or  domestic,  of  even  so  limited  an  area  as 
that  of  Europe.  We  are  all  naturally  inclined  to  assume  that  the 
record  of  the  past  is  comparatively  complete.  But  in  archeology  no 
more  than  geology  does  this  appear  to  be  the  case.  The  interr^ 
between  the  period  of  the  river-gravels  and  that  of  the  cares,  snch  u 
Kent's  Cavern,  iu  England,  and  those  of  the  reiudeer  period  of  the 
south  of  France,  may  have  been  bat  small,  but  onr  knowledge  of  tlie 
transition  is  next  to  none.  The  gap  between  the  Palteolithic  period 
and  the  Neolithic  has,  to  my  mind,  still  to  be  bridged  over,  and  tbote 
who  regard  the  occupation  of  the  Belgian  caves  as  ooatinnons  from 
ttie  days  of  the  reindeer  down  to  late  Neolithic  times  seem  to  me  pas- 
sesscd  of  great  powers  of  foith.  Even  the  relations  in  time  between 
the  }0oklcenmoidingii  of  Deauiark  and  the  remains  of  the  Neolithic  ageof 
that  eonutry  are  not  as  yet  absolutely  clear ;  and  who  can  fix  theesact 
limits  of  that  age  T  Nor  has  the  origin  and  coarse  of  ext«nsioD  of  the 
more  recent  Bronze  civilization  been  as  yet  sadsflujtorily  determined; 
and  until  more  is  known  both  as  to  the  geographical  and  ehronologieal 
development  of  this  stage  of  culture,  we  can  hardly  hope  to  establish 
any  deified  snccpssion  in  the  history  of  the  Neolithic  civilisatioa  tiiat 
went  before  it.  In  the  meantime  it  will  be  for  the  benefltof  our  ncieiKe 
that  speculations  as  to  the  origin  and  home  of  the  Aryan  family  sbooM 
berife;  butit  will  still  moreeffectuallyconducetoour  eventual  knowl- 
edge of  this  most  interesting  qnestion  if  it  he  consistently  borne  io  | 
mind  that  they  are  but  speculations. 

Turning  from  theoretical  to  practical  subjects,  I  may  call  atlentioo 
to  the  vastly  improved  means  of  comparison  and  study  that  the  eth- 
nologists of  to-day  possess  ns  compared  with  those  of  20  yeara  sso. 
Not  only  have  the  books  and  periodicals  that  treat  of  ethnology  multi- 
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plied  in  all  Earopeau  Isngaages,  bat  the  nainber  of  maseums  that  bare 
been  formed  with  the  express  purpose  of  illustrating  the  mannera  and 
customs  of  the  lower  races  of  msokind  has  also  largely  increased.  On 
tbe  Continent,  the  maseams  of  Berlin,  Paris,  Oopenhagen,  and  other 
ispttEds  have  either  been  fouoded  or  greatly  improved;  while  in  Eng- 
l«id  oar  ethnological  collectJons  )nfinit«ly  surpaea,  both  in  the  nnmber 
of  objects  tbey  contain  and  in  tbe  method  of  their  arrangement,  what 
WW  aeceseible  in  1870.  The  Blackmore  Mnsenni  at  Salisbory  was  at 
that  time  already  fonnded,  but  has  since  been  oonsiderbly  angmented. 
In  London,  also,  the  Christy  oolleotion  was  already  in  existence,  and 
calcalated  to  form  an  admirable  nocleos  aronnd  which  other  objects 
HDd  collections  might  clnstar;  and  thanks  in  a  great  degree  to  tbe 
tnutoes  of  the  Christy  colleotioo,  and  in  a  far  greater  degree  to  the 
aeaidoons  attention  and  onbounded  liberality  of  the  keeper  of  the  de- 
l)artinent,  Mr.  Franks,  tbe  ethnological  galleries  at  tbe  British  Museam 
vtU  bear  compariaoD  with  any  of  those  in  the  other  Baropean  capitals. 
The  coUeotioDS  of  pre-historic  antiqaities,  enlarged  by  tbe  addition  of 
the  fine  series  of  orne  and  other  relics  from  British  barrows  explored 
by  Canou  Oreenwell,  which  he  baa  geoeroasly  presented  to  the  nation, 
and  by  other  accessions,  especially  from  the  French  caverns  of  the 
Beiodeer  period,  is  now  of  the  bigfaeat  importance.  Moreover,  for  pnr- 
pows  of  comparison  the  collectioua  of  antiqaities  of  tbe  SttHie  and 
Bronze  periods  found  iu  foreign  countries  is  of  enormous  value.  In 
the  ethnological  department  tbe  collections  have  been  malerially  in- 
creaiied  by  the  nnmerous  travellers  and  miaaiooaries  which  this  country 
in  coDtiunally  sending  forth  to  assist  in  tbe  exploration  of  the  habita- 
ble vorld;  and  tbe  atndeut  of  the  development  of  human  civilization 
has  DOW  the  actual  weapons,  implements,  nteusils,  dress,  and  other 
appliances  of  most  of  tbe  known  savage  peoples  ready  at  baud  for  ex- 
amination, and  need  no  longer  trust  to  the  often  imperfect  representa. 
tioDs  given  in  books  of  travel.  Bnt  besides  the  collection  at  Bloomabory 
there  is  another  most  important  mnseum  at  Oxford,  which  that  univer- 
sity owes  to  tbe  liberality  of  General  Pitt-Bivers.  It  is  arranged  iu  a 
somewhat  different  manner  from  that  in  London,  the  main  par[H)ae 
bang  the  ezbibition  of  the  varioaa  modifications  which  ornaments, 
weapons,  aad  ioatruments  in  common  use  bave  undergone  daring  tbe 
pvcess  of  development.  The  skillful  application  of  the  doctrine  of 
evolntiou  to  the  forms  and  characters  of  these  products  of  human  art 
gives  to  this  collection  a  peculiar  charm,  and  brings  out  tbe  value  of 
applying  scientific  methods  to  the  study  of  alt  that  ie  ooooeoted  with 
boman  culture,  eveu  though  at  first  sight  the  objects  brought  ander 
eoDsideratiou  may  appear  to  be  of  the  most  trivial  character.  -  -  • 
The  subjects  of  an  anthropological  survey  of  the  trilies  and  castes  in 
oor  ludiau  possessions,  and  of  the  continued  investigation  of  tbe 
habits,  customs,  and  pbysicial  characteristics  of  the  northwestern 
tribes  of  the  Dominion  of  Canada,  were  l>oth  recommended  for  consid- 
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eration  to  the  conndl  or  this  afisoeiation  by  the  general  committm  at 
the  meeting  at  Newcastle.  We  bare  beard  from  the  report  of  tbe 
coQDcil  what  has  been  done  ia  tbe  matter.  Tbe  rapidity  vith  vbich 
the  various  native  tribes  in  different  parte  of  the  world  are  eithetmod- 
ified,  or  in  some  cases  exterminated,  affords  a  strong  argnment  for  their 
cbaraeteiistios,  both  physical  and  mental,  being  investigated  Tithnt 
delay. 

There  are  indeed  now  bnt  few  parts  of  the  world  the  inhabitaotoof 
which  have  not,  through  the  enterprise  of  travellers,  been  brought 
more  or  less  completely  within  onr  knowledge.  Even  the  center  of  the 
dark  African  continent  promises  to  become  as  well  known  as  the  intenoc 
of  South  America,  and  to  the  distingoisbed  traveller  who  has  Ittely 
returned  among  ns,  antbropologista  as  well  as  geographers  owe  their 
warmest  thanks.  It  ia  not  a  little  remarkable  to  find  so  Urge  a  tnct 
of  country  still  inhabited  by  the  same  diminutive  race  of  bnm»ibeiogx 
that  occnpied  it  at  the  dawn  of  European  history,  and  whose  eitsteoce 
was  dimly  recognized  by  Homer  and  Herodotus.  The  story  related  by 
the  latter  about  the  young  men  of  the  Nasamones  who  made  an  expe- 
dition into  the  interior  orLibya  and  were  there  taken  captive  by  a  nu:« 
of  dwarfs  receives  curious  corroboration  from  modem  travellers.  Hero- 
dotus may  indeed  slightly  err  when  he  reports  that  the  color  of  tbe^e 
pygmies  was  black,  and  when  he  regards  the  river  on  which  tbeir  prin- 
cipal town  was  situated  as  the  ^ile.  Stanley  however  who  states  that 
there  are  two  varieties  of  these  pygmies,  utterly  dissimilar  in  eoo- 
plexion,  conformation  of  the  head,  and  facial  characteristics,  was  not 
the  first  to  re*diSGover  this  ancient  race.  Attheend  of  the  sixteentlt  cen- 
tury, Andrew  Battel,  our  conntryman,  who,  having  been  taken  capli>^ 
by  the  Portuguese,  spent  many  years  in  the  Congo  district,  gave  u 
account  of  the  MatimtMts,  a  pigmy  nation  of  the  height  of  bo.ve  of 
twelve  years  old ;  and  in  later  times  Dr.  Wolff  and  others  have  recorded 
the  existence  of  tbe  same  or  similar  races  in  Central  Africa.  Nor  mod 
we  forget  that  for  a  detailed  account  of  an  Aoca  skeleton  we  an 
indebted  to  the  out-going  president  of  this  association,  Professor  FIovcT' 
It  is  not  however  my  business  here  to  enter  into  any  detailed  acooantof 
African  exploration  or  autbropology.  I  have  made  this  incideoial 
mention  of  these  subjects  rather  from  a  feeling  that  in  Africa,  as  veil 
as  in  Asia  and  America,  native  races  are  in  danger  of  losing  tbeir 
primitive  characteristics,  if  not  of  partial  or  total  exterminatioii,  ud 
that  there  also  tbe  anthropologist  and  naturalist  most  take  tbeeariieet 
possible  opportanities  for  tbeir  researches. 
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By  Prof.  A.  H.  Satcb. 


In  my  address  to  the  Anthropological  Section  of  the  British  Asso- 
ciation in  1887, 1  stated  that  in  common  with  many  other  anthopologists 
aud  comparative  philologists,  I  had  come  to  the  conclnsion  that  the 
primitive  home  of  the  Aryaus  was  to  be  sought  in  northeasteni  Europe. 
The  announcement  excited  a  flutter  in  the  newspapers,  many  of  whose 
leaders  had  probably  never  heard  of  the  Aryans  before,  while  others 
of  them  had  the  vaguest  possible  idea  of  what  was  meant  by  the  name. 

Unfortonately  it  is  a  name  which,  nnleas  carefully  defined,  is  likely 
to  mislead  or  confuse.  It  was  first  introduced  by  Prof.  Max  Milller 
aud  applied  by  him  in  a  pnrely  linguistie  sense.  The  "discovery"  of 
Sanskrit  and  the  researches  of  the  pioneers  of  comparative  philology 
had  shown  that  a  great  family  of  speech  existed,  comprising  Sanskrit 
sod  Persian,  Greek  aud  Latin,  Teutonic  and  Slav,  all  of  them  sister- 
languages  descended  from  a  common  parent,  of  which  however  no 
Iit«rary  monuments  survived.  In  place  of  the  defective  or  cumber- 
Botne  titles  of  Inilo-German,  Indo-Enropean,  and  the  like,  which  bad 
been  suggested  for  it,  Prof.  Max  Miiller  proposed  to  call  it  Atyan — a 
title  derived  from  the  Sanskrit  Xrya,  interpreted  *'  noble  "  in  later  Sans- 
krit, but  used  as  a  national  name  in  the  hymns  of  the  Big- Veda, 

It  is  mnch  to  be  regretted  that  the  name  has  not  been  generally 
adopted.  Soch  is  the  case  however,  and  it  is  to  day  like  a  soul  seek- 
isg  a  body  in  which  to  find  a  habitation.  Bnt  the  name  is  au  excellent 
one,  tlioagb  the  philologists  of  Germany,  who  govern  ns  in  snch  mat- 
ters, have  refused  to  accept  it  in  the  sense  proposed  by  its  author ;  and 
we  are  therefore  at  liberty  to  discover  for  it  a  new  abode  and  to  give 
to  it  a  new  scientific  meaning. 

In  the  enthusiasm  kindled  by  the  sight  of  the  fresh  world  that  was 
opening  ont  before  them  the  first  disciples  of  the  science  of  comparative 
philology  believed  that  they  bad  found  the  key  to  all  the  secrets  of 
man's  origin  and  earlier  history.  The  parent  speech  of  the  Indo-Euro- 
pean lani^nages  was  entitled  the  Urgprache,or  "Primeval  Language," 
and  its  aaalysia,  it  was  imagined,  would  disclose  the  elements  of  articu* 

■  From  Tht  Conlemporarg  Review,  July,  1889,  vol.  lvi,  pp.  106-119. 
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lat«  Bpeecb  and  the  process  whereby  they  bad  developed  iaUitliemaiu- 
fold  )augna^ea  of  the  preaeot  world.  But  this  was  not  enongh.  Tbe 
students  of  langQage  went  even  farther.  They  claimed  not  on);  Um 
domaiu  of  philology  ae  their  own,  bnt  the  domain  of  ethnology  u  "ell, 
Laugnage  was  conlounded  with  race,  and  tbe  relationship  of  tribe  Tith 
tribe,  ofuation  with  nation,  was  determined  bythelangosges  the;  spoke. 
If  tbe  origin  of  a  people  was  reqnired,  the  question  was  Bammaiily  de- 
cided by  tracing  the  origin  of  its  langaage.  English  is  on  the  whole  a 
Teutonic  language,  and  therefore  the  whole  English  people  most  hav« 
a  Teutonic  ancestry.  The  dark-skinned  Bengali  speaks  langoagesikin 
to  our  own;  therefore  tbe  blood  which  rans  in  bis  veins  mnstbederiTed 
from  the  same  source  as  that  which  mna  in  oura. 

The  dreams  of  universal  conquest  indulged  in  by  ayoangscieoceioiKi 
pass  away  as  facts  accumulate,  and  tbe  limit  of  its  powers  is  moreud 
more  strictly  determined.  The  Uraprache  has  become  a  laugnage  at 
comparatively  late  date  in  tbe  history  of  lingnietic  development,  vtuci 
differed  from  Sanskrit  or  Greek  only  in  the  fuller  inflexional  chanctv. 
The  light  its  analysis  was  believed  to  cast  on  the  origin  of  speech  hM 
proved  to  be  the  light  of  a  will-o*- tbe- wisp,  leading  astray  and  pervert- 
ing tbe  energies  of  those  who  might  have  done  more  profitable  voik. 
The  mechanism  of  primitive  language  often  lies  more  clearly  re?ealad , 
ju  a  modern  Bushman's  dialect  or  the  grammar  of  Esquimans  thina 
that  much-vaunted  JJrgprache  trom  which  such  great  things  were  out 
expected  by  the  philosophy  of  human  speech. 

Ethnology  has  avenged  tbe  invasion  of  its  territory  by  linguistic 
science,  and  has  in  turn  claimed  a  province  which  is  not  its  own.  ItH 
no  longer  the  comparative  philologist,  bnt  the  ethnologist,  who  do«ii]4 
again  uses  philological  terms  in  an  ethnological  sense,  or  settles  nodj 
affinities  by  an  appeal  to  language.  The  philologist  first  talked  alMt' 
an  **  Indo-Eoropean  race ;"  such  an  expression  oould  now  be  beari  ralyi 
from  the  lips  of  a  yontbfnl  ethnologist. 

As  soon  as  tbe  discovery  was  made  that  tbe  Indo-European  Ian] 
were  derived  from  a  common  mother,  scholars  began  to  ask  when 
common  mother-tongue  was  spoken.    Butit  was  agreed  on  aJIhaodsi 
this  musthave  been  somewhere  in  Asia.    Theology  and  history  alike 
taught  that  mankind  came  from  tbeEast  and  from  the  East  acoordii 
the  rrsprocAemnstbavecometoo.   Hitbe^Bebrew  bad  been  geni 
regarded  as  tbe  original  language  of  humanity ;  now  that  tbe  IndoEH 
ropean  Urspranltt  had  deprived  Hebrew  of  its  place  of  honor,  it  «■ 
natural,  if  not  inevitable,  that  like  Hebrew,  it  should  be  acoonntedN 
Asiatic  origin.    Moreover  it  was  tbe  discovery  of  Sanskrit  that  hadW 
to  tbe  discovery  of  tbe  Uraprache.    Had  it  not  been  for  Sanskrit,  vA 
its  copious  grammar,  its  early  literature,  and  the  light  which  it  tbn*! 
on  the  forms  of  Greek  and  I^tin  speech,  comparative  philology  mi^ 
never  have  been  born.    Sanskrit  was  the  magician's  waud  which  had 
called  tbe  new  science  into  existence,  and  without  the  help  of  Saoskrtt 
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the  pbilologist  would  not  have  advanued  beyond  the  speculatioDS  and 
gaeeaee  of  claasic^  scliolora.  What  woDder  then  if  the  laogaage  which 
hud  thus  been  a  key  to  the  mysteries  of  Greek  and  Latin,  and  which 
wemed  to  embody  older  forms  of  speech  than  they,  shoald  have 
been  aasamed  to  stand  nearer  to  the  Urapraoke  than  the  cognate  Ian* 
^uagwofEaropet  The  assamptioa  was  aided  by  theeztraTagantaRe 
agngoed  to  the  monamentB  of  Sanskrit  literature.  The  poems  of  Ho* 
mermightbeold,  bntthe  hymnsof  the  Veda,  it  was  alleged,  moanted 
back  to  a  primeval  antiquity,  while  the  Institutes  of  Manu  represented 
theoldest  code  of  laws  existing  in  the  world. 

There  was  yet  another  reason  which  contribnted  to  the  belief  that 
Sanskrit  was  the  first-born  of  the  Indo-European  family.  The  fonnders 
ofcomparative  philology  bad  been  preceded  in  their  analytic  work  by 
tbe  ancient  grammarians  of  India,  It  was  fVom  PAoini  and  his  prede- 
M«on  that  the  followers  of  Bopp  inherited  their  doctrine  of  roots  and 
inffizes  and  their  analysis  of  Indo-Enropean  words.  The  language  of 
Ihe  Veda  had  been  analyzed  2,000  years  ago  as  no  other  single  language 
tod  ever  been  analyzed  before  or  since.  Its  very  sonnds  had  been  care- 
fally  probed  and  distinguished,  and  an  alphabet  of  extraordinary  com- 
;iletenesB  bad  been  devised  to  represent  them.  It  appeared  as  if  the 
ftements  out  of  which  the  Sanskrit  vocabulary  and  grammar  had  grown 
ltd  been  laid  ba^e  in  a  way  that  was  possible  in  no  other  language,  and 
B  atndying  Sanskrit  accordingly  the  scholars  of  Europe  seemed  to  feel 
liemgelves  near  to  the  very  beginnings  of  speech. 
Bat  it  was  soon  perceived  that  if  the  primitive  home  of  the  Indo- 
loropean  laogoages  were  Asia,  they  themselves  ought  to  exhibit  evi- 
iraces  of  the  fact.  There  are  certain  objects  and  certain  phenomena 
'hich  are  pecaliar  to  Asia,  or  at  all  events  are  not  to  be  found  in  Europe, 
Bd  vorda  expressive  of  these  ought  to  be  met  with  in  the  scattered 
nnchesof  the  Indo-European  family.  If  the  parent  language  had  been 
poken  in  India,  the  climate  in  which  they  were  born  must  have  left  its 
■rk  upon  the  fooe  of  its  oApring. 

Bat  here  a  grave  diflSculty  presented  itself.  Hen  have  short  memo- 
u,  and  the  name  of  au  object  which  ceases  to  come  before  the  senses 
I  either  forgotten  or  transferred  to  something  else.  The  tiger  may 
ive  been  known  to  the  speakers  of  the  parent  language,  bnt  the  words 
■t  denoted  it  would  bave  dropped  out  of  the  vocabolary  of  the  derived 
Bgnages  whioh  were  spoken  in  Europe.  The  same  word  which  signi- 
h  an  oak  in  Greek  signifies  a  beech  in  Latin.  We  can  not  expectte. 
>  find  the  European  languages  employing  words  with  meanings  which 
Katl  objects  met  with  only  in  Asia. 

How  then  are  we  to  force  the  closed  lipe  of  our  Indo-European  Ian- 
B^es,  and  compel  tbem  to  reveal  the  secret  of  their  birth-place  T  At- 
npta  have  been  made  to  answer  this  tiuestion  in  two  different  ways. 
On  the  one  hand  it  has  been  assumed  that  the  absence  in  a  particular 
uigoage,  or  group  of  languages,  of  a  term  which  seems  to  have  been 
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poBseased  b;  the  parent  speech,  is  evidence  that  the  object  denoted  b; 
it  was  unknown  to  the  speakers.  But  the  assamptiOD  is  oontndicted 
by  experience.  Becaase  the  Latin  equua  has  been  replaced  by  cebaUiu 
in  the  modem  Bomanic  languages,  we  can  not  conclude  that  the  hone 
was  unknown  in  Western  Garope  after  the  foil  of  the  Roman  Empire. 
The  native  Basque  word  for  a  "knife,"  kaUtoa,  has  been  fonnd  by  Prince 
L.-L.  Bonaparte  in  a  single  obscnre  village;  elsewhere  it  has  beea  re- 
placed by  terms  borrowed  from  Frencb  or  Spanish.  Yetwecunot 
sappose  that  the  Basques  were  unacquainted  with  instmmeDts  for  cat- 
ting until  they  had  been  famished  with  them  by  their  Frenoh  and 
Spanish  neighbors.  Greek  and  Latin  have  different  words  for  "6k;' 
we  can  not  argue  from  this  that  the  knowledge  of  fire  was  ever  lost 
among  any  of  the  speakers  of  the  ludo-European  tonnes.  Id  shot, 
we  can  not  infer  from  the  absence  of  a  word  in  any  particular  lugtuge 
that  the  word  never  existed  in  it ;  on  the  contrary,  when  a  laogugti! 
known  to  ue  only  in  its  literary  form  it  is  safe  to  say  that  it  mast  bin 
employed  many  words  besides  those  contained  in  its  dictionary. 

A  good  illustration  of  the  imposibility  of  arriving  at  any  certain  »■ 
suits  as  long  as  we  confine  our  attention  to  words  which  appettr  id  one 
bnt  not  in  another  of  two  cognate  languages  is  afforded  by  the  Isdo> 
European  words  which  denote  a  sheet  of  water.  There  is  no  word 
of  which  it  can  be  positively  said  that  it  is  found  alike  in  tbt  ^ 
Asiatic  and  the  European  branches  of  the  family.  Lake,  oceao,  txtt 
river  and  stream,  go  by  different  names.  A  doubt  hangs  over  the  vori 
for  ''sea;"  it  is  possible,  bnt  pnly  possible,  that  the  Sanskrit pii(iU»ii 
the  same  word  as  the  Greek  itivroi,  the  etymology  of  which  is  not  yet 
settled.  Xevertheleas,  we  know  that  the  speakers  of  the  parent  lu- 
guage  must  have  been  acquainted,  if  not  with  the  sea,  at  all  eveob 
with  large  rivers.  Naut,  "a  ship,"  is  the  common  heritage  of  Saasktit 
and  Greek,  luid  must  thus  go  back  to  the  days  when  the  speaker*  of  the 
dialects  which  afterwards  developed  into  Sanskrit  and  Greek  still  lived 
side  by  side.  It  survives,  like  a  fossil  iu  the  rocks,  to  assure  as  (bit 
they  were  a  water-faring  people,  and  that  the  want  of  a  comtnoD  Indo- 
European  word  for  lake  or  river  is  no  proof  that  such  a  word  may  not 
have  once  existed.  I 

The  example  I  have  jnst  given  illastrat«s  the  second  way  in  vhrob 
the  attempt  has  been  made  to  solve  the  riddle  of  the  Indo-EnH^MM 
birthplace.  It  is  the  only  way  in  which  the  attempt  can  succeei 
Where  precisely  Ihe  same  word,  with  the  same  meaning,  exists  in  bolft 
the  Asiatic  and  the  European  members  of  the  lodo-Enropean  fiimilT- 
always  supiwsing,  of  course,  that  it  has  not  been  borrowed  by  eitbM'l 
of  them — we  may  couclnde  that  it  also  existed  in  the  parent  speeA 
When  we  find  the  Sanskrit  asicaa  and  the  Latin  eqvut,  the  exact  pbe- 
uetiu  equivalents  of  one  another,  both  alike  signifying  "horse,"  vean 
justitied  ill  believing  that  the  horse  was  known  in  the  coantir  ft"" 
which  both  languages  derived  their  ancestry.    Tliougli  the  ailment 
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boat  II  negative  proves  little  or  notbing,  the  argament  from  agieement 
ptovea  a  great  deaL 

The  comparative  philologist  has  by  means  of  it  succeeded  to  sketching 
ID  oatljne  the  state  of  onltore  possessed  by  the  speakers  of  the  parent 
tangnage,  and  the  objects  which  were  known  to  tbetn.  They  inhabited 
s  cold  coantry.  Their  seasons  were  three  in  number,  perhaps  four,  and 
Dottiro,  as  wonid  have  been  the  case  had  they  lived  south  of  the  tem- 
perate zone.  They  were  nomad  herdsmen,  dwelling  in  hovels,  similar, 
it  may  be,  to  the  low  round  hnts  of  sticks  and  straw  built  by  the 
Eabj-Ies  on  the  mountain-Blopes  of  Algeria.  Such  faovels  could  be 
erected  in  a  few  hours,  and  left;  again  as  the  cattle  moved  into  higher 
^und,  with  the  approach  of  spring,  or  descended  into  the  valleys 
when  the  winter  advanced.  The  art  of  grinding  corn  seems  to  have 
been  unknown,  and  crushed  spelt  was  eaten  instead  of  bread.  A  rude 
Bott  of  agricalture  was  however  already  practiced ;  and  the  skins 
vorn  by  the  community,  with  which  to  protect  themselves  against  the 
rigors  of  the  climate,  were  sewn  together  by  means  of  needles  of 
bone.  It  is  even  possible  that  the  art  of  spinning  had  already  been 
invented,  though  the  art  of  weaving  does  not  appear  to  have  ad  vanced 
beyond  that  of  plaiting  reeds  and  withies.  The  community  still  lived 
in  the  stone  age.  Their  tools  and  wenpona  were  made  of  stone  or 
bone,  and  if  they  made  use  of  gold  or  meteoric  iron,  it  was  of  the 
tnwrongbt  pieces  picked  up  ^m  the  ground  and  employed  as  orna- 
nents;  of  the  working  of  metals  they  were  entirety  ignorant.  As 
among  savage  tribes  generally,  the  various  degrees  of  relationship 
vere  minately  distinguished  and  named,  even  the  wife  of  a  husband's 
brother  receiving  a  special  title ;  bat  they  could  count  at  least  as  faras  a 
bnudred.  They  believed  in  a  multitude  of  ghostsand  goblins,  making 
irfTerings  to  the  dead,  and  seeing  in  the  bright  sky  a  potent  deity.  The 
Mrch,  the  pine,  and  the  withy  were  known  to  them ;  so  also  were  the 
bear  and  wolf,  the  hare,  the  mouse,  and  the  snake,  as  well  as  the  goose 
ud  raven,  the  quail  and  the  owl.  Cattle,  sheep,  goats,  and  swine 
*ere  all  kept ;  the  dog  hod  been  domesticated,  and  in  all  probability 
ibo  the  horse.  Last,  but  not  least,  boats  were  navigated  by  means  of 
oub,  the  boats  themselves  being  possibly  the  hollowed  trunks  of  trees. 
This  account  of  the  primitive  community  is  necessarily  imperfect, 
beremust  have  been  many  words,  like  that  for  "river,"  which  were 
•Bce  poBsesse<t  by  the  parent  speech,  but  afterwards  lost  in  either  the 
lutem  or  Weeterubranohesof  the  family.  Such  words  the  comparative 
fhilologist  has  now  no  means  of  discovering.  He  must  accordingly  pass 
ftem  over  along  with  the  objects  or  ideas  which  they  represent  The 
ifctare  he  can  give  as  of  the  speakers  of  the  primeval  Indo-European 
heguage  can  only  be  approximately  complete.  Moreover  it  is  always 
^n  to  correction.  Some  of  the  words  we  now  believe  to  have  been 
prt  of  the  original  stock  carried  away  by  the  derived  dialects  of  Asia 
ud  Kuro[>e  may  hereafter  turn  out  to  have  been  borrowed  bygone  of 
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these  dialeotfl  from  another,  and  not  to  have  been  a  heritage  common  to 
both.  It  is  often  very  difflcnlt  to  decide  whether  we  are  dealing  with 
borrowed  words  or  not.  If  a  word  has  been  borrowed  by  a  language 
before  the  phonetio  changes  had  set  in  which  have  given  the  langoage 
its  peculiar  complexion,  or  while  they  wore  in  the  coarse  of  progress,  it 
will  andergo  the  same  alteration  as  natire  wonls  containing  the  same 
soands.  The  phonetic  obaoges  which  have  marked  off  the  High  German 
dialects  from  their  sister  tongues  do  not  seem  to  go  back  beyond  the 
foil  of  tbe  Roman  Empire,  and  words  borrowed  from  Latin  before  that 
date  will  accordingly  hare  submitted  to  the  same  phonetio  changes  aa 
words  of  native  origin.  iDdeed,  when  once  a  word  is  borrowed  by  one 
language  from  another  and  has  passed  into  common  ose  it  soon  becomes 
naturalized  and  is  assimilated  in  form  and  pronnnciation  to  the  words 
among  which  it  has  come  to  dwell.  A  cnrioas  example  of  this  is  to  be 
fbond  in  certain  Latin  words  which  made  their  way  into  the  Gadio 
dialects  in  the  fourth  or  fifth  century.  We  often  find  a  Gaelic  e  cone* 
spending  to  a  Welsh  p,  both  being  derived  from  a  labialized  gatturat 
or  qu,  and  the  habit  was  acoordiugly  formed  of  regarding  a  «  as  tbe 
natural  and  necessary  representative  of  a  foreign  p.  When  therefoie 
words  like  the  Latin  pasoha  and  purpura  were  introduced  by  (Jhrietioaity 
into  tbe  Gaelic  branch  of  the  Keltic  family  they  assumed  the  form  of 
eaisg  and  corour. 

It  is  clear  that  such  borrowings  can  only  take  place  where  the  speakers 
of  two  different  languages  have  been  brouglit  into  contact  with  one 
another.  Beforetheageofcommercial  intercourse  between  Buropeaod 
India  we  caa  not  suppose  that  European  words  oould  have  been  bor- 
rowed by  Sanskrit  or  Persian,  or  Sanskrit  and  Persian  wonts  by  the 
European  languages.  But  the  case  is  quite  otherwise  if  inatead  of 
comparing  together  the  vocabularies  of  the  Eastern  and  Westwa 
members  of  the  Indo-European  stock  we  wish  to  compare  only  Western 
with  Western  or  Eastern  with  Eastern.  There  our  difficulties  begiSi 
and  we  must  look  to  history,  or  botany,  or  zoology  for  aid.  From  • 
purely  philological  point  of  view  the  English  hemp,ibe  old  high  Q«rmaa 
hanf,  the  old  Norse  kanpr,  and  the  Latin  eannabia  might  all  bederiveA 
from  a  common  source,  and  point  to  tbe  fact  that  hemp  was  known  t» 
the  first  speakers  of  the  Indo-European  languages  in  northwesteni 
Europe.  But  the  botanists  tell  us  that  this  could  not  have  been  tha 
case.  Hemp  is  a  product  of  the  East  which  did  not  originally  grow  ia 
Germany,  and  consequently  both  the  plant  itself  and  the  name  by  wbioh 
it  was  called  must  have  come  from  abroad.  So  again,  the  lion  beaiaa 
similar  name  in  Greek  and  Latin,  in  German,  in  Slavonic,  and  in  Keltic  ' 
Bnt  the  only  part  of  Earope  in  which  the  lion  existed  ata  time  w-benU 
speakers  of  an  Indo-European  language  could  have  become  acqaaintsl 
with  it  were  th9  mountains  of  Thrace,  and  it  must  accordingly  faM*  ' 
been  from  Greek  that  its  name  spread  to  the  other  cognate  lai 
of  the  West 
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It  hiubeeii  needful  to  euter  iuto  these  details  before  ve  cud  approach 
tbe  qaetttioii,  Wliat  was  tlie  origiual  lioijie  of  tbe  parent  Indo-Euro- 
pean laogaage  T  Tbey  bave  been  too  ot*t«u  ignored  or  forgotten  by 
tbose  IF  bo  have  set  tbemselres  to  answer  the  question,  and  to  this  cause 
niut  be  ascribed  the  larger  part  of  tbe  uiisnnderstandingH  and  false 
couclusioDs  to  which  tbe  inquiry  has  given  birth. 

Until  a  few  years  ago,  I  eharcil  the  old  belief  that  the  parent  speech 
Ijatl  its  borne  in  Asia,  probably  ou  the  slope^^f  the  Hindu  Knsh.  The 
f^d  that  tbo  languages  of  Europe  and  A^ia  alike  possessed  the  same 
ifords  for  "winter"  aod  "ice"  and  "snow,"  and  that  tbe  only  two  trees 
whose  Dames  were  preserved  by  both — the  "  birch  "  and  the  "  pine" — 
npre  inhabitants  of  a  cold  region,  proved  that  this  home  did  not  lie  iu 
ibe  tropics.  But  the  uplands  of  th»  Illiidu  Kush,  or  the  barren  steppes 
in  the  neighborhood  of  the  Caspian  Sea,  or  even  the  valleys  of  Siberia, 
wouldanswer  to  the  requirements  presented  by  such  words.  Taken  by 
llieinselves  they  were  fully  compatible  with  the  view  that  tbe  first 
speakers  of  the  Lido-Europeau  tongues  were  an  Asiatic  people. 

But  when  I  came  to  ask  myself  what  were  tbe  grounds  for  holding 
tbisTiew,  I  coald  find  none  that  seemed  to  nae  satisfactory.  Tbere  is 
rnucb  justice  in  I>r.  Latham's  remark  that  it  is  unreasonable  to  derive 
ibi'  majority  of  the  Iiido-Europeai>  languages  from  a  continent  to  which 
o'lly  tiro  members  of  the  group  are  known  to  belong,  unless  there  is 
an  imperative  necessity  fordoing  so.  These  languages  have  grown  out 
of  dialects  onco  existing  within  the  parent  sp^'ecb  itself;  and  it  cer- 
tainly appears  more  probable  that  two  of  such  dialects  or  languages 
eliutrld  have  made  their  way  into  a  new  world,  across  the  bleak  plains 
ot  Tartary,  than  that  seven  or  eight  should  have  done  so.  Tbe  argu- 
nwot,  it  is  true,  is  not  a  strong  one,  but  it  raises  at  the  outset  a  pro- 
somption  in  favor  of  Europe.  Before  tbe  dialects  had  developed  into 
'anjniages  their  speakers  could  not  have  lived  far  apart;  tbere  is  in 
'act  evidence  of  this  in  the  cusa  of  Sauskrit  and  Persian  ;  and  a  more 
widely  spread  primitive  couimmiity  is  implied  by  the  numerous  lan- 
^agesof  Europe  than  by  the  two  languages  of  Asia.  A  widley  spread 
:omiuuuity  however  is  less  likely  to  wander  far  from  its  original  seat 
ban  a  community  of  less  extent,  more  especially  when  it  is  a  commun- 
ty  of  bcrdsnicn  and  tbe  tract  to  be  traversed  is  long  and  barren. 
Apart  from  the  general  prejudice  in  favor  of  an  Asiatic  origin  due  to 
>[<!  tlieological  teaching  and  the  eflVct  of  the  discovery  of  Sanskrit,  I 
an  find  only  two  arguments  which  have  been  supposed  to  be  of  sufii- 
ient  weight  to  determine  the  choice  of  Asia  rather  than  of  Europe  as 
bei;radleof  Indo-European  speech.  Tbe  first  of  these  arguments  is 
inguistic,  the  second  is  historical  or  rather  quasi  historical.  On  tbe 
ui;  band  it  has  been  laid  down  by  emiueut  philologists  that  the  less  one 
f  the  derived  languages  has  detlected  from  tbe  parent  speech,  the  more 
ikely  it  is  to  be  geographically  nearer  to  its  earliest  borne.  Tbe  faith* 
ulaess  of  tbe  record  is  a  test  of  geographical  proximity.  As  Sanskrit 
H,  MU.  120—31  t;^,„g|^. 
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was  held  to  be  tbe  most  primitive  of  the  Xodo-EnropeaD  laDgaages,  to 
reflect  moetclearlyttie  features  of  tbe  pareDtapeeoh,thecoiiclusioiiwaB 
drawn  that  that  parent  speech  had  been  spoken  at  no  great  distance 
from  the  country  in  which  the  hymns  of  tbe  Big- Veda  were  first  com- 
posed. Tbe  conclusion  was  sapported  by  the  second  argament  drawn 
n^m  the  sacred  books  of  Parsaism  In  the  Vendidad  the  migrations  (tf 
tbe  Iraniuns  were  traced  back  throngh  the  successive  creations  of 
Ormazd  to  Airyanem  Va^jd,  "  tbe  Arj'an  Power,"  which  Lassen  local- 
ized near  the  sources  of  the  Oxus  and  Jaxartes.  Bat  Br^l  and  De 
Harlez  have  shown  that  the  legends  of  tbe  Veudtdad,  in  their  present 
form,  are  late  and  untmstwortby — later,  in  fact,  than  the  Ohristtao  era  ;* 
and  even  if  we  could  attach  any  historical  value  to  them,  they  would 
tell  us  only  from  whence  the  Iranians  believed  their  own  ancestors  to 
hare  come,  and  woald  throw  uo  light  on  the  cradle  of  tbe  Indo-Boio- 
pean  languages  as  a  whole.  Tbe  first  argument  is  one  which  I  think 
no  student  of  language  would  any  longer  employ.  As  Professor  Max 
Miiller  has  said,  it  would  sufiSce  to  prove  that  tbe  Scandinavians  emi- 
grated from  Iceland.  But  to  tLose  who  would  still  urge  it,  I  must  re- 
peat what  I  have  said  elsewhere.  Althongh  in  many  respects  Sanskrit 
has  preserved  more  faithfully  than  tbe  Buropean  languages  the  forrn^ 
of  primitive  Indo-European  grammar,  in  many  other  resiiects  tbe  otn- 
verse  is  the  case.  In  tbe  latest  researches  into  the  history  of  Indo- 
Kuropeau  grammar,  Ureek  holds  the  place  once  occupied  by  San^iit 
Tbe  belief  that  Sanskrit  was  the  elder  sister  of  the  family  led  to  tbe 
assumption  that  tbe  three  short  vowels  A,  &,  and  o  have  all  originated 
from  an  earlier  9.  I  was,  I  believe,  the  first  to  protest  against  ttiis 
assumption  in  1874,  and  to  give  reasous  for  thinking  that  tbe  single 
monotonous  ft  of  Sauskrit  resulted  from  the  coalescence  of  three  cUt 
tinet  vowels.  The  analogy  of  other  languages  goes  to  show  that  tbe 
tendency  of  time  is  to  reduce  the  number  of  vocalic  sounds  jKissessed 
by  a  language,  not  the  contrary.  In  place  of  tbe  numerous  vowda 
possessed  by  ancient  Greek,  modern  Greek  can  now  show  only  five,  aod 
cultivated  English  is  rapidly  merging  its  vowel  souuds  iuto  tbe  ao> 
called  "  neutral "  o.  Since  my  protest  the  matter  has  been  worketl  oct 
by  Italian,  German,  and  French  scholars,  and  we  now  know  that  itN 
the  vocalic  system  of  the  European  languages  rather  than  of  Sanskrit 
which  most  faithfully  represents  tbe  oldest  form  of  Indo-Buropoa 
speech.  The  result  of  the  discovery,  for  discovery  it  must  be  called, 
has  been  a  complete  revolution  in  the  study  of  Indo-Euroi>ean  etymol- 
ogy, and  still  more  of  Indo-European  grammar,  and  whereas  ten  ycait 
ago  it  was  Sanskrit  which  was  invoked  to  explain  Greek,  it  istoGmfc 
that  tbe  "new  school "  now  turns  to  explain  Sanskrit.  The  compaiUiW 
philologist  necessarily  cannot  do  without  tbe  bclp  of  both ;  the  greatH 


-  Br«al,  '•Milangta di  Mgllmlogie el  de  LinguUtiqve"  {IS76),  pp.  16T-91&.     I>«  Bntim, 
"iKlrodKcHoHa  I'/itudc  de  I'Artila"  pp.  uxcii,  tqq.     Compare  Dacmest«t«t'*  Imliutm      I 
(ion  lo  tkt  Zend-Avesta,  pt.  1,  in  "Tbe  Sacred  Books  of  Ibe  Eut." 
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the  number  of  laDguages  be  bas  to  compare  the  soander  will  be  his 
iDdnctiona;  bat  tUo  primacy  wbich  was  auce  suppoaed  to  reside  in  Asia 
hu  beoa  Uken  from  her.  It  is  Greek,  aud  not  Sanskrit,  wbich  ha6 
laagbt  na  whut  was  the  primitive  vowel  of  the  redaplicated  syllable  of 
tbe  perfect  and  the  augmtiut  of  the  aorist,  and  has  thus  uarrowed  the 
(liscDssion  into  tbe  origiu  of  both.  -^ 

Until  quite  recently  however  the  advocates  of  the  Asiatic  home  of 
tiie  Inilo-Enropean  languages  foond  a  support  in  tbe  positiou  of  the 
Armenian  language.  Armenian  stands  midway,  as  it  were,  between 
PerBia  and  Euroiie,  aud  it  was  imagined  to  have  very  close  relations 
vitb  tbe  old  language  of  Persia.  But  we  now  know  that  its  Persiao 
affloities  are  illusory,  and  that  it  mast  really  be  grouped  with  the  Ian- 
gouges  of  Europe.  What  is  more,  the  decipherment  of  the  cuneiform 
ingcriptions  of  Van  bas  cast  a  strong  light  on  tbe  date  of  its  Introdnc- 
tioD  into  Armeoia.  These  inscriptions  are  tbe  records  of  kings  whose 
coital  was  at  Van,  and  who  marched  their  armies  in  all  directions  dur- 
iiigthe  ninth,  eighth,  and  seventh  centnnes  before  our  er.i.  Tbe  latest 
date  that  can  as  yet  be  assigned  to  any  of  them  is  b.  o.  CIO.  At  this 
time  there  were  still  no  speakers  of  an  Indo-European  language  in  Ar- 
meoia.  Tbe  langnage  of  tbe  inscriptions  has  no  connection  with  those 
of  tbe  Indo-European  family,  and  the  personal  and  locnl  names  occur- 
riogin  thecountriesimmediately  surrounding  the  dominions  of  the  Van- 
nickiDgs,  and  so  abundantly  mentioned  in  their  texts,  are  of  tbe  same 
linguistic  character  as  the  Vaunic  names  themselves. 

Tbeevidence  of  classical  writers  fully  bears  out  the  conclusions  to  be 
derived  from  the  decipherment  oftheVannic  inscriptions.  Herodotus 
(Til.  73)  tells  as  that  tbe  Armenians  wrre  colonists  from  Pbrygia,  tbe 
Phrygians  themselves  having  been  a  Thrnkiao  tribe  which  bad  migrated 
into  Asia.  The  same  testimony  was  trarneby  Eudoxos,*  who  farther 
arerred  that  the  Armenian  and  Phrygian  languages  resembled  one 
anothe,F.  Tbe  tradition  must  have  been  recent  in  the  time  of  Herodotus, 
aod  we  shall  probably  not  go  far  wrong  if  we  assign  the  occupation  of 
Armenia  by  the  Phrygian  tribestotbeageof  upheaval  in  Western  Asia 
vhichvas  Dshered  in  by  the  fall  of  the  Assyrian  Empire.  Professor 
Pick  bas  shown  that  tbe  scanty  fragments  of  tbe  Phrj'gian  language  that 
havesnrvived  to  us  belong  to  the  European  branch  of  the  Indo-European 
bmity,  and  thus  find  tbeir  place  by  the  side  of  Armenian, 

Instead  therefore  of  forming  a  bridge  between  Orient  and  Occident,' 
Anneniau  represents  tbe  furthermost  flow  of  Indo-European  speech' 
(ram  West  to  Bast.  And  this  flow  belongs  to  a  relatively  late  peridd. 
Apart  from  Armenian  we  can  discover  no  traces  of  ludo  European 
<ncapatioD  between  Media  and  the  Hatys  until  the  days  when  Iranian 
Ouetes settled  in  the  Caucasus  and  the  mountaineers  of  Kurdistan 
adoi)ted  IraniaD  dialects.  I  must  re-iterate  here  what  I  have  said  many 
fearsago:  if  there  is  one  fact  which  the  Assyrian  monuments  make 


'AecordiDf;  to  GuaUthioa  (in  Dian,  i 


..Google 


484  THE  PRIMITITE  HOME  OP  THE  ABViNS. 

clear  and  indubitable,  it  la  tbat  up  to  tbe  closiug  da,va  of  the  Assyiiao 
tnonurcby  no  ludo-Kuropeau  languages  were  spoken  in  tbe  vast  tract  of 
ci v'ilizeil  country  whicb  lay  t)etween  Kurdistan  and  Western  Asia  Minor. 
South  of  the  Caucasus  they  were  unknown  until  tlie  irraption  of  the 
Phrygians  into  Armenia.  Among  the  multitudinous  names  of  penons 
and  localities  belonging  to  this  region  which  are  recorded  ia  the  Assy- 
rian inacriptioos  during  a  space  of  several  centuries  there  is  only  one 
which  bears  u|>on  it  the  Indo-Enropean  stamp.  Thisistheuameof  the 
leader  of  the  Kimmerians,  a  nomad  tribe  from  the  northeast  whidi  de- 
scended upon  the  frontiers  of  Aaayria  in  the  reign  of  Esor-haddoQ, 
fuid  was  driven  by  him  into  Asia  Minor.  The  fact  is  made  the  mora 
striking  by  the  further  fact  that  as  soon  as  we  clear  tbe  Kurdish  ranges 
and  enter  Median  territory,  names  of  Indo-European  origin  meet  ns 
thick  and  fast.  We  can  draw  bnt  one  conclasiou  from  these  (itcts. 
Whetherthe  Indo  European  languages  of  Europe  migrated  from  Asia, 
or  whether  the  converse  were  tbe  case,  thelioeofuArcb  must  have  been 
northward  of  the  Caspian,  through  the  inhospitable  steppes  of  Tartary 
and  over  the  snow-covered  heights  of  tlie  Ural  Monntains. 

Ad  ingenious  argument  has  lately  beeu  put  forward,  which  at  first 
sight  seems  to  tell  in  favor  of  the  Asiatic  origin  of  Indo-European 
speech.  Dr.  Penka  has  drawn  attention  to  the  fact  that  several  of  the 
European  languages  agree  iu  possessing  the  same  word  for  *'  eel,"  and 
-that  whereas  the  eel  abounds  in  the  rivers  and  lakes  of  ScaDdinaria,  it 
is  unknown  in  those  cold  regions  of  Western  Asia  where,  as  we  have 
seen,  it  baa  been  proposed  to  place  tbe  cradle  of  tbe  Indo-European 
family.  But  it  is  a  curious  factthat  in  Greek  and  Latin,  and  apparently 
also  in  Lithuanian,  the  word  for  <*  eel "  is  a  diminutive  derived  from  a 
word  which  denotes  a  snake  or  snake  like  creature.  This,  it  has  been 
urged,  may  be  interpreted  to  mean  tbat  the  primeval  habitat  of  the  Indo- 
European  languages  waa  one  where  tbeanake  was  known,  but  the  eel 
was  not.  The  argument  however  cannot  be  preaaed.  We  all  agree 
that  tbe  first  speakers  of  the  Indo  Earo|>ean  languages  lived  on  tbe  land, 
not  on  tbe  water,  and  that  they  were  herdsman  rather  than  fishermeo. 
Naturally  therefore  they  would  become  acquainted  with  the  snake  be- 
fore they  became  acquainted  with  the  eel,  however  mnch  it  might  abound 
in  the  rivers  near  them,  and  ttareaemblanoeto  the  snake  would  lend  to 
it  its  name.  In  Keltic  tbe  eol  ia  called  a  "  water-snake,"  and  to  thn 
day  a  prejudice  against  ealing  it  on  the  ground  that  is  a  snakeeiists  in 
Keltic  districts.  All  we  can  infer  from  the  diminutives  anguilla,  cj^&tu? 
ia  that  the  Italians  and  Greeks  in  the  first  instance  gave  the  name  to 
the  freah-water  eet,  and  not  to  tbe  huge  conger. 

I  can  not  now  enter  fully  into  the  reasons  which  have  led  ine  grad- 
ually to  give  up  my  old  belief  in  the  Asiatic  origin  ofthe  Indo  European 
tongues,  and  to  subscribe  to  the  views  of  those  wlio  would  refer  thea 
to  a  northern  European  birth-place.  The  argument  is  a  complicated 
one,  and  ia  neceaaarily  of  a  cumulative  character.   The  individual  links 
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ill  thecbaismay  not  be  Btroiig,bnt  collectively  they  afibrd  that  amouot 
of  probability  which  is  all  that  we  can  hope  to  attain  in  hiatorical  re- 
searcli.  Those  who  wish  to  stady  them  may  <)o  ao  in  Dr.  Penka's  work 
on  the  "iler^n/tder  Jeter,"  published  in  1886.  His  byiwthesis  that 
noatbern Scandinavia  was  the  primitive  "Aryan  home"  seems  to  me  to 
hare  more  in  its  favor  tbau  any  other  hypotbesis  on  tbe  subject  which  has 
as  yet  been  pnt  forward.  It  needs  verification,  it  ia  true,  but  if  it  is 
smindthe  veriflcatiou  will  not  be  tonkin  coming.  A  more  profound  ex- 
amination of  Teatonic  and  Keltic  mythology,  a  more  exact  knowledge 
of  tbe  words  in  the  several  Indo-European  langnages  which  are  not 
of  iDdo-Earopean  orgin,  and  tbe  progress  of  arcbieological  discovery, 
rill  furnish  the  Teriflcation  we  need. 

Meanwhile  it  most  be  allowed  that  tbe  hypothesis  has  the  counte- 
Dance  of  history.  Scandinavia,  even  before  the  sixth  century,  was  obar- 
aeterized  as  tbe  "  manufactory  of  nations ;  *"  and  the  voyages  and  set- 
llements  of  tbe  Norse  Vikings  offer  a  biatorical  illustration  of  what  tbe 
pre-bistoric  migrations  and  settlements  of  the  speakers  of  tbe  Indo- 
Earopean  languages  must  have  been.  Tbey  difiered  from  the  latter 
only  in  being  conducted  by  sea,  whereas  the  prehistoric  migrations 
Tollowed  tbe  valleys  of  tbe  great  rivers.  It  was  not  until  tbe  age  of  the 
Bonian  Empire  that  the  northern  nations  became  acquainted  with  the 
wiling-lKiat;  our  English  «(ri{  is  the  Latin  sai/u/um,  "  the  little  cloak  of 
tbe  soldier,"  borrowed  by  tbe  Teutons  along  with  its  name,  and  used  to 
propel  their  boats  in  imitation  of  the  sails  of  the  Boman  vessels.  The 
introdaction  of  the  sail  allowed  the  inhabitants  of  tbe  Scandinavian 
"hive"  to  push  boldly  out  to  sea,  and  ushered  iu  the  era  of  Saxon 
piratee  and  Danish  invasion. 

Dr.  Penka's  arguments  are  partly  anthropological,  partly  archie- 
(di^cal.  He  shows  that  tbe  Kelts  and  Teutons  of  Roman  antiquity 
*ere  tbe  tall,  bine-eyed,  fair-haired,  doliebo-cephalio  race  which  is  now 
b«Dg  fast  absorbed  in  Keltic  lands  by  tbe  older  inhabitants  of  them. 
The  typical  Frenchman  of  today  has  but  little  in  common  with  the 
typical  Gaol  of  the  age  of  Ciesar.  The  typical  Qaul  was,  in  fact,  as 
mach  a  conqoeror  in  Uallta  as  he  was  in  Oalatia,  or  as  modern 
researches  have  shown,  as  the  typical  Kelt  was  in  Ireland.  It  seems 
to  have  been  the  same  in  Greece.  Here  too  the  golden-haired  hero  of 
art  uid  song  was  a  representative  of  tbe  ruling  class,  of  that  military 
aristocracy  which  overthrew  the  early  culture  of  the  I'eloponnese,  and 
of  whom  tradition  averred  that  it  had  come  from  the  bleak  North. 
I^tUe  trace  of  it  now  remains;  it  is  rarely  that  the  traveler  can  dis- 
cover any  longer  tbe  modem  kinsfolk  of  the  golden- haired  Apollo  or 
ihe  bine  eyed  Ath£n£. 

If  we  would  still  find  the  ancient  blonde  race  of  Northern  Enrope  in 
its  pnrity  we  raast  go  to  Scandinavia.    Here  tbe  prevailiug  type  of  the 


'"QaaaiofBcinaKeotiuraautcerte  velrit  vagiiiUDHtiooum:"   Jordmea, Dt  OetarHWi 
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popalatioD  is  still  that  of  tbe  broad  sboulderet),  loog-beaded  blondes 
wbo  served  as  models  for  tbe  Dying  tiladiator.  And  it  is  in  soatbera 
Scandinavia  alone  that  tbe  pre-hiatoric  tamnli  and  borying-gronnds 
yield  bardly  any  otber  skeletoDS  tban  those  of  the  eame  tall  dolicbo- 
cephalic  race  which  still  inhabits  tbe  conntry.  Elsewhere  snob  siLtJe- 
tons  are  either  wanting  or  else  mixed  with  the  remains  of  other  noes- 
It  is  therefore  reasonable  to  conclude  that  it  was  from  eoathem  Scan- 
dinavia  that  tho«e  bauds  of  hardy  warriors  originally  emerged,  wbo 
made  their  way  sonthward  and  westward  and  even  eastwtutl,  the  Kelts 
of  Galatia  penetrating  like  the  Phrygians  before  them  into  tbe  heart 
of  Asia  Minor.  The  Norse  migrations  in  later  times  were  even  more 
extensive,  and  what  tbe  Norse  Vikings  were  able  to  achieve  could 
have  been  achieved  by  their  ancestors  centaries  before. 

Now  tbe  Kelts  and  Teutons  of  tbe  Roman  age  apoke  Indo-Enropeu 
languages.  It  is  more  probable  that  tbe  subject  popniations  sboald 
have  been  compelled  to  learn  the  language  of  tbeir  conquerors  tSuta 
that  the  conquerors  should  have  taken  the  trouble  to  learn  tbe  langnage 
of  their  seri^.  We  know  at  any  rate  that  it  was  so  in  Ireland.  Here 
tbe  old  "  Iveraian  "  population  adopted  the  language  of  tbe  small  band 
of  Keltic  invaders  that  settled  in  its  midst.  It  is  only  where  the  cod- 
quered  possess  a  bigber  civilization  tban  the  conquerors,  above  all, 
where  they  have  a  literature  and  an  oreanized  form  of  religion,  that 
Franks  will  a<1apt  their  tongues  to  Latin  siweoh,  or  Manchoa  learn  to 
speak  Gbiqese.  Moreover  in  soathern  Scandinavia  where  w«  have 
archseological  evidence  that  tbe  t-all  blonde  race  was  scarcely  at  any 
time  in  close  contact  with  otber  races,  it  is  bardly  possible  for  it  to  have 
borrowed  ita  language  from  some  otber  people.  The  Indo-Europeu 
languages  stilt  spoken  in  tbe  country  must,  it  wonid  seem,  t>e  descended 
fh)m  languages  spoken  there  from  the  earliest  period  to  which  tbe  evi- 
dence of  human  occnpation  reaches  bacfc.  The  conclnsiou  is  obviona: 
Southern  Scandinavia  and  tbe  adjacent  districts  must  be  the  first  home 
V  and  starting-point  of  tbe  Westam  branch  of  tbe  lndn-£nropean  fiuiily. 

If  we  tarn  to  the  Eastern  branch,  we  find  that  tbe  farther  east  we  go 
tbe  fainter  become  tbe  tracesof  tbe  tall  blonde  race  and  the  greatwia 
tbe  resemblance  between  the  speakers  of  Indo-European  languagoa  awi 
the  native  tribes.  In  the  higlilands  of  Persia,  tall,  long-headed  blondes 
with  blue  eyes  can  still  be  met  with,  but  as  we  approach  tbe  hot  plains 
of  India  the  type  grows  rarer  and  rarer  until  it  ceases  altogether.  An 
Indo-European  dialect  mast  be  spoken  in  India  by  a  dark-skinned  |>eo- 
pie  before  it  can  endure  to  the  third  and  fourth  generation.  As  wo 
leave  the  frontiers  of  Europe  behind  us  we  lose  sight  of  the  race  with 
which  Dr.  Penka's  arguments  would  tend  to  connect  tbe  parent  epeeeh 
of  the  lodo-Europeau  family. 

I  can  not  now  follow  him  in  the  interesting  comparison  he  draws  b»- 
tween  tbe  social  condition  of  tbe  southern  Scandinavians  as  disclosed 
by  tbe  contents  of  tbe  prehistoric  "kitchen  maidenai''  and  the  social 
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cooditiOD  of  the  speakers  of  the  I  Ddo- European  parent  apeecb  accordiDg 
to  tbe  sobered  estimate  of  recent  lingDistic  research.  The  reseinblauce 
is  certainly  ver;  striking,  tbongb,  ou  the  other  band,  it  can  not  be  denied 
tliit  arebieologicsl  Bcience  is  still  in  ite  infancy,  and  that  Dr.  Penka  too 
oflen  assames  that  a  word  commoo  to  the  European  languages  belonged 
to  tbe  parent  speech,  an  aasnmption  which  will  not,  of  course,  be  ad-' 
mitted  by  his  opijonents. 

What  more  nearly  concerns  ns  here  however  is  the  name  we  shoald 
giro  to  the  race  or  people  who  spoke  tbe  parent  language.  We  can  not 
call  them  Indo-Baropeans;  that  would  lead  to  endleiss  ambiguities,  while 
the  term  itself  has  already  been  appropriated  in  a  linguistic  sense.  Dr. 
Peoka  bas  called  them  Aryans,  and  I  can  see  no  better  title  with  which 
to  endow  them.  Tbe  name  is  short ;  it  has  already  been  used  in  an 
etbuological  as  well  as  in  a  linguistic  sense,  and  since  our  German 
friends  have  rejected  it  in  its  linguistic  application  it  is  open  to 
ereryone  to  confine  it  to  a  purely  ethnological  meaning.  I  know  that 
the  author  has  protested  against  such  an  application  of  the  term;  bat 
't  ia  Dot  the  first  time  that  a  father  has  been  robbed  of  bis  offspring, 
and  he  can  not  object  to  tbe  robbery  when  it  is  committed  in  the  cause 
of  science.  For  some  time  past  the  name  of  Aryan  has  been  withont  a 
ileflnition,  while  tbe  first  speakers  of  the  Indo- European  parent  speech 
liare  been  vainly  demanding  a  name;  and  tbe  priests  of  anthropology 
<Miiot  do  better  than  to  lead  them  to  the  font  of  science  and  there 
b^tize  them  with  the  name  of  Aryan. 
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THK  PRBHISTORIO  RACES  OP  ITALY." 


By  Caoon  Isaac  Taylob. 


Nowhere  in  the  world  is  there  such  a  mixture  of  races — sacli  a  cellu- 
riet  ijeiitium — as  in  Italy. 

At  tbe  beginning  of  the  historic  period  we  find  Sicnli  and  Sicani  in 
the  south,  Etrascans  in  tbe  north,  atid  in  the  center  Umbrians,  Latins, 
Satiioes,  and  Samnites,  all  a[>eaking  Aryan  languages.  At  a  very  early 
time  tbe  Carthaginians  made  good  their  footing  in  the  west  of  Sicily, 
aud  the  Greeks  established  colonies  in  the  east.  Southern  Italy  became 
Ua^jDaGrsecia — so  that  the  greater  Greece  lay  beyond  the  Adriatic, 
jnst  as  the  greater  Britain  now  lies  beyond  the  Atlantic.  The  Greeks 
pushed  their  trading  i)08ta  as  far  as  Comie  in  the  Bay  of  Naples,  and 
the  Phcenicians  established  theirs  at  Ciere,  20  miles  At>m  Bome. 

In  the  fonrth  century  B.  c.  tbe  Gauls  poured  over  the  Alps  into  the 
plain  of  the  Po,  establishing  a  Gallia  Cisalpiua  in  tbe  north  answering 
to  tbe  Magna  Orsecia  iu  tbe  snutb. 

And  then,  when  the  Roman  legions  had  conquered  Italy  and  the 
Eastern  ^Vorld,  Bome  herself  was  overrnn  by  tbe  peoples  sbe  bad  sab- 
daed.  Bome  became  an  oriental  city.  Tbe  Orontcs,  as  a  Boman  writer 
ooniplained,  bad  emptied  itself  into  tbe  Tiber.  A  flood  of  Syrians,  Jews, 
Qieeks,  Egyptians,  Africans.  Spaniards,  GauU,  and  Daciaus — slaves, 
freedmen,  or  adventurers — poured  into  the  Eternal  City,  making  it  a 
i^oacanaxima — thenniversal  sewer  of  the  world.  Then  came  the  inroads 
of  the  northern  hordes — Hernls,  Ootbs,  Vandals,  Huns,  and  Lombards 
—who  mshed  in  to  appropriate  the  treasures  which  during  four  centu- 
ripB  bad  been  plundered  fVom  Africa  and  Asia.  Nest  came  the  inroads 
of  Normans,  Uoors,  Spaniards,  French,  and  Germans,  and  lastly,  the 
peaceable  invasion  of  wiotei:  residents. 

These  are  the  races  which,  in  historic  times,  have  been  added  to  tbe 
pre-historic  peoples  of  the  laud. 

At  the  beginning  of  the  historic  period  we  find  tbe  Etruscans  estab- 
lished north  of  the  Tiber,  the  Latins  and  other  tribes  speaking  Aryan 
languages  fnrtber  to  tbe  south,  and  an  earlier  aboriginal  population  in 
the  Apennines  and  Calabria. 

In  books  written  only  30  years  ago  the  oldest  civilization  of  Italy 
is  attribnted  to  a  mysterious  people,  who  are  called  the  Pelasgi.    We 


•  From  The  Contemporarg  Hevirir,  Aiigual,  IS90,  vol.  lviii,  pp.  SUtrKV. 


■t'JSt.gIc 


490  THE  PRE-HISTOB[C    RACES   OK   ITALY. 

bear  of  these  Pelasgi  io  Greece  as  well  as  in  Italy.    Those  megaiitbte 
structures  which  still  excite  our  wonder — the  walls  of  Myceote  and 
Tiryns,  as  well  as  those  of  Oortoua  and  Russellas — are  called  Pelugie. 
Ciere  and  Cortona  are  said  to  have  lieeii  Pelasgic  cities  prior  to  the 
Etruscan  conquest.    We  must  therefore  begtu  by  asking  who  were 
these  Folaagi.    The  modem  doctrine,  it  is  hardly  needfol  t0  8ay,istli>t 
the  word  has  do  ethnological  sigoiflcance,  the  name  Pelasgic  bdng 
merely  equivalent  to  "  ancient"  or  "  aboriginal."    The  term  wasatenn 
of  ignorance,  like  the  word  "natives"  now  applied  to  Polyneuuu, 
Patagonians,  Red  Indians,  or  Maoris.    We  may  therefore  leave  the    , 
Pelasgians  out  of  account ;  or  ratber,  try  and  find  out  what  raceaweie    ; 
grouped  together  by  ancient  writers  under  this  convenient  but  delosive    | 
appellation. 

What  we  may  call "  the  ethnological  horizon  "  has  wonderfully  widened  ' 
of  late  years.  For  vast  periods,  for  many  millenniams,  we  are  able  to  ! 
trace  the  history  of  man  in  Europe.  He  is  now  proved  to  have  bera  ' 
the  contemporary  of  the  great  extinct  carnivora  and  pachyd^mH,  ud  : 
(o  have  followed  nortliwanl  the  retreating  ice  sheet  of  the  last  glacial 
epoch.  The  history  of  these  primeval  races  has  been  traced  by  the  I 
tools  iind  weapons  which  they  have  left,  and  by  the  shape  and  chuM-  i 
ter  of  their  skulls. 

ArchfBologistsliave  distinguished  the  successive  ages  of  atone,  bronie, 
and  iron.    The  bronze  age  in  Italy  is  believed  to  have  oommenoed 
some  4,000  years  ago.    The  stone  age,  which  preceded  it,  is  divided 
into  two  epochs,  the  Palieolitliic  age,  or  age  of  chipped  flints,  and  tiie 
Neolithic  age,  when  the  dint  implements  were  ground  or  polished.  'Re 
Paleolithic  people  were  utter  savages,  clad  in  skins,  living  in  caves  or 
rock  shelters,  making  use  of  no  fixed  sepulcbera,  subsisting  on  abdl  , 
flsb  or  the  products  of  the  chase,  ignorant  of  pottery,  without  bows  i 
and  arrows,  aud  armed  merely  with  spears,  tipped  with  flint,  borB,or  | 
bone. 

Skulls  which  aro  believed  to  be  of  Palfeolitbic  age  have  been  foasd 
in  various  parts  of  Italy — at  Otmo,  at  Isola  d^  Liri,  at  Mentone,  ud 
in  some  Sicilian  caves.  They  are  all  dolichocephalic,  or  long  skulls' 
Owing  to  tbe  presence  in  tbeir  refuse  heaps  of  human  bones  whidi 
seem  to  have  been  broken  in  order  to  extcact  the  marrow,  it  is  believed 
that  these  people  occasionally  practised  caunibalism.  But  tbeir  ebief 
food  seems  to  liave  consisted  of  wild  horses  of  a  small  breed,  which 
then  roamed  over  Europe  in  immense  herds.  Enormons  reAise  hekjM. 
consisting  mainly  of  tbe  bones  of  horses,  have  been  found  ontaide  (he 
caves  which  were  inhabited  by  this  race.  In  tbe  caves  at  tlie  foot  of 
Monte  Pellegrino,  near  Palermo,  the  floor  is  formed  by  a  m^maoftbfl  | 
bones  of  wild  horses,  which  were  either  stalked  with  spears,  driven  bf 
tbe  hunters  into  pit-falls,  or  chased  over  the  cUfii].  Similar  deposits 
have  been  found  at  the  cave  of  Ttaayngen,  in  Switzerland,  and  in  front 
of  the  rock  shelter  at  Solutr4,  near  Macon,  where  there  is  a  vast  d^ 
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posit,  the  reiios  of  the  feasts  of  these  savages,  nearly  10  feet  ia  thick- 
ness aDtl  more  than  300  feet  in  length,  composed  eotirel;  of  the  bonea 
of  horses,  and  comprising  the  remaioB  of  from  20,000  to  40,000  indi- 
rjdaal& 

The  Palieolitbic  period  most  have  lasted  for  annnmbered  millenDinms. 
Arcb»oIogist8  conjecture  that  it  came  to  aa  end  some  20,000  years  ago, 
vben  it  was  succeeded  by  the  Neolithic  perioi),  which  may  have  lasted 
for  some  16,000  years.  At  the  beginning  of  the  Neolithic  age,  when 
re^lar  sepalchera  were  first  used,  we  find  savages,  who  may  probably 
be  the  descendants  of  the  PalsMlithic  people,  spread  over  western 
Earope.  They  were  clad  in  skins,  stitched  together  with  bone  needles. 
Ilieyvore  bracelets  of  shells,  and  painted  or  tattooed  their  bodies  with 
red  oiide  of  iron.  Broca  considers  that  this  early  race  ia  allied  to  the 
North  African  tribes,  th  eir  language  probably  belonging  to  the  Hamitic 
ciass,  withont  inflexions  and  almost  withont  grammar. 

To  D8  the  chief  interest  of  these  people  lies  in  the  fact  that  their 
deacendants  may  probably  be  traced  in  the  present  inhabitants  of 
Sardinia  and  of  southern  Italy,  as  well  as  in  some  parts  of  the  British 
iBlanilg  and  of  Spain.  They  are  DSQally  called  the  Iberian  race.  In 
the  early  Neolithic  period  we  find  skulls  of  the  Iberian  type  all  over 
western  finrope,  in  Oaitbneas,  Yorkshire,  Wales,  and  Somerset,  in  the 
Booth  of  Fraoce,  in  Spain  and  Italy.  This  raiie  was  swarthy,  with  olive 
conplezioQ  aud  black  corly  hairj  it  was  orthoguathons,  leptorhinic, 
and  highly  dolichocephalic,  with  a  low  orbital  index,  and  short  stature, 
averaging  about  5  feet  4  inches.  Their  present  descendants  are  found 
in  Donegal,  Galway,  and  Kerry,  in  some  of  the  Hebrides,  in  Deubigh- 
ahiro,  and  in  the  counties  bordering  on  Wales.  They  are  also  to  be 
racognized  among  the  Spanish  Basques,  the  Bertwrs,  the  Eabyles,  the 
Uoanches  of  TcneriCfe,  the  Corsicaus,  the  Sardinians,  the  Sicilians, 
and  the  people  of  southern  Italy.  Pausauins  informs  us  that  the  Sar- 
dinians were  Libyans,  or  what  we  should  now  call  Berbers.  Seneca 
■ays  that  Corsica  was  peopled  by  Iberians  aud  Ligarians.  Thucydides 
and  EphoroB  also  inform  us  that  the  oldest  inhabitauta  of  Sicily  were 
Iberians. 

There  are  several  prehistoric  skulls  of  this  race  in  the  Kincherian 
Moseum  at  Rome,  and  the  Falenan  skaU  in  the  Villa  Papa  Giulio 
belongs  to  the  same  type.  These  skulls  are  orthognathous  and  dolicho- 
cephalic, resembling  the  modem  Sardinian  skull  and  ancient  Iberian 
■kails  fonud  in  eaves  at  Gibraltar  and  in  Sicily. 

This  ancient  type  is  still  preilominant  in  southern  Italy,  Sicily,  Sar- 
dinia, and  Corsica.  Professor  Calori,  of  Modena,  has  measured  more 
thau  2,400  skulls  in  diflfereot  provinces  of  Italy.  In  southern  Italy  only 
36  percent,  are  round-headed,  with  a  cephalic  index*  above  80;  whereas 

"Tbscepbalic  index  Rivea  the  proportion  of  the  breadtb  of  tbe  head  t«  tbo  lenKtb, 
aDdiiobtelned  bydividiDK  the  breadth  by  the  length  from  fVout  to  btUik,  and  Ibeu 
■altlplybig  by  100. 
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in  northern  Italy  the  proiiortion  ia  87  per  cent.  In  northern  Italy 
lesB  titan  1  per  cent,  are  of  the  extreme  Sardinian  type,  with  the  iudex 
below  74;  while  in  southern  Italy  17  i>er  cent  belong  to  Ibis  tfpe. 
The  difference  of  race,  as  shown  by  the  difference  in  the  shape  of  the 
skull,  may  account  to  some  extent  for  thedifferenceintheexietiDgdvi- 
lizatiou  in  the  uorth  and  south  of  the  peninsula. 

Early  iu  the  Neolithic  age,  before  the  reindeer  bad  withdrawn  from 
Belgiam,  another  race  makes  its  appearance  in  Europe.  They  were  a 
round-headed  people  of  short  stature,  with  a  mean  cephalic  index  of 
about  84,  We  first  find  their  remains  in  the  sepulchral  caves  of  Belginm 
and  central  France,  whence  they  extended  to  Savoy  and  to  the  tthte- 
tian  and  Maritime  Alps.  Tbey  manufactured  rude  pottery ;  their  wea 
pons  were  axes  of  flint,  carefully  chipped  and  roughly  polished,  Hnd 
spears  tipped  with  bone  or  bom.  The  skull  is  of  the  sameshapeaa  that 
of  the  Lapps,  whom  they|resem  bled  in  their  short  stature.  Their  ori^oal 
speech  ia  probably  represented  by  the  Basque,  and  a  few  of  their  words 
may  be  preserved  in  mountain  names  of  the  Alpine  region,  such  as 
Vlma,  "a  hill,"  which  is  seen  in  the  name  of  Cimiez  near  Nice,  of  tbe 
CimadeJazi,  and  of  the  Cevennes.  They  are  designated  as  the  Aar- 
ergnat,  Rhietian,  or  Ligurian  race. 

In  the  early  Neolithic  period  we  find  in  Italy  only  these  two  races, 
the  dolichocephalic,  or  longheaded,  Iberian  race,  who  are  physicall; 
allied  to  the  North  Afirican  tribes,  and  the  brachjcephalic,  op  round- 
beaded,  Lignriau  race,  allied  to  the  Lapps  and  Finns.  These  tworac«» 
inhabited  the  same  caves,  together  or  in  succession.  Tims  io  a  Neo- 
lithic cave  at  Monte  Tignoso,  near  Livorno,  two  skulls  were  found,  one 
of  the  Iberian  type,  with  an  index  less  thau  71,  and  another  of  the  Liga- 
riau  type,  with  an  iudex  of  92.  Id  another  Neolithic  cave,  called  the 
Oaverna  della  Matta,  an  Iberian  skull  was  found  with  an  index  of  68, 
and  a  Ligurian  shult  with  an  index  of  84.  No  anthropologist  wonlil 
admit  that  these  skulls  could  have  belonged  to  men  of  the  same  race. 

We  now  come  to  the  third  Italian  race,  which  maybe  called  tho 
XJmbrian  or  Latin  race.  They  spoke  an  Aryan  language,  and  mnft 
be  regarded  as  the  ancestors  of  the  Romans.  They  made  th«r 
npiiearance  in  Enrope  at  a  much  later  time,  probably  not  more  than 
6,4)00  or  7,000  years  ago.  They  were  taller  and  more  powerful  than 
either  of  the  earlier  races,  and  were  ortbocepbalic,  with  an  index  of  fhxn 
79  to  81.  When  we  first  meet  with  them,  tbey  are  no  longer  mere 
savages,  living  solely  by  the  chase,  but  are  a  pastoral  people,  who  hail 
domesticated  the  dog,  the  os,  and  the  sheep,  and  who  had  invented  tlie 
canoe,  and  even  the  ox-wagon,  in  which  they  followed  their  herds  over 
central  Europe.  Tbey  no  longer,  like  the  two  earlier  races,  sbdtered 
themselves  in  caves,  but  lived  in  huts  made  of  boughs  plastered  witb 
clay,  and  m  winter  io  pit  dwellings  roofed  with  poles  and  twigs. 

We  can  trace  this  race  all  over  Central  Europe.  We  Bud  their  »- 
mains  in  the  ronud  barrows  of  Britain,  but  more  especially  iu  the  pile 
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direlliuga  which  they  erected  in  the  lakes  of  GerniaDy,  Switzerland, 
anil  nortberu  Italy. 

From  sontberD  Oprmany  they  spread  to  western  Switzerland,  whore 
ve  fiad  the  rpinainti  of  their  settlemeuta  in  the  lakes  of  Conutance, 
yenfcb^tel,  Bienne,  and  Geneva.  These  Swiss  settlements  began  in 
tbe  stone  age,  ttnt  were  iu  inany  cases  continuously  inhabited  from  the 
itgsofBtone  through  the  age  of  bronze,  coming  down,  in  afew  cases, 
to  the  age  of  iron.  We  can  trace  these  people  advancing  gradually  in 
civilisation,  at  first  snbsisting  mainly  on  the  chase  of  tbe  stag  and  the 
wild  boar,  afterwards,  as  these  beasts  became  scarce,  depending  more 
and  more  on  their  domeaticated  animals,  tbe  ox  and  tbe  sbeep,  and 
{^aally  taming  the  goat,  tbe  pig,  and  the  horse.  At  first  we  find  them 
vitbont  cereals,  and  evidently  ignorant  of  the  rudest  agricnlture,  lay- 
ing np  in  earthen  pipkitis  stores  of  acorna,  bazel-nur«,  and  water-cbest- 
Duts;  and  then,  after  a  time,  growing  barley,  wheat,  and  flax,  learning 
to  apin  and  weave,  to  tan  leather,  and  even  to  make  boots.  They  are 
ideotified  with  the  Helvetii,  n  Oeltic  people. 

This  race  gradually  extended  itself  to  Italy,  crossing  the  Alpine 
barrier  either  through  Caruiola  or  by  one  of  tbe  western  passes,  and 
occupying  by  degrees  Venetia,  Lombard;,  and  the  Emilia,  and  finally, 
tbe  whole  valley  of  tbe  Po, 

When  they  first  appear  in  Italy  tbey  were  still  in  tbe  stone  age,  and 
had  domesticated  the  ox,  bat  were  ignorant  of  agriculture.  Now  tbe 
bronze  age  is  believed  to  have  began  in  Italy  not  later  than  19U0  b.  o., 
and  therefore  this  Umbro  Latin  Aryan  race  must  have  entered  Italy 
cDDsiderably  more  than  two  thousand  years  before  the  commencement 
of  oor  era. 

Od  arriving  in  Italy  they  built  pile  dwellings  in  tbe  North  Italian 
lakes,  similar  to  tbe  piledwelliugs  of  Switzerland  and  southern  Ger- 
maoy,  and  disclosing  much  the  same  stage  of  civilization.  We  cannot 
doabt  that  they  belonged  to  tbe  same  race,  and  this  is  confirmed  by  tbe 
dove  counectton  between  Oeliic  and  Italic  speech. 

Ill  Italy,  as  well  as  iu  Switzerland,  the  pile  dwellings  begau  in  the 
age  or  stone  and  lasted  down  into  the  age  ot  bronze.  Many  of  the 
small  Inkes  have  been  converted  into  peat-bogs,  and  in  digging  ont  tbe 
peat  the  remains  of  these  settlements  have  been  disclosed. 

Cue  of  the  settlements  has  been  discovered  in  a  peat  moor  at  Mer- 
curago,  near  Arona.  This  moor  was  formerly  a  shallow  lake,  in  which 
a  pile  dwelling  was  built  by  some  of  the  earliest  settlers  of  tbe  Umbro- 
Utm  race.  They  had  no  knowledge  of  agriculture,  but  fed  on  hazel- 
nuts aud  wild  cherries.  They  bad  rude  pottery,  and  i>olished  flint  im- 
plements. Adug-outcanoe,  adisk  of  walnut  wood,  wbicbbad  evidently 
tormed  the  wheel  of  an  ox-cart,  and  one  bronze  pin  were  found,  showing 
that  tbe  settlement  was  not  finally  abandoned  till  the  age  of  bronze  had 
commenced. 

Farther  north,  in  tbe  Lake  of  Varf  se,  there  are  seven  villages  boilt 
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ou  piles,  two  of  tbem  large,  with  uumerous  hnts,  wliich  might  almoet 
be  called  Iowds.  One  of  these  towns  belongs  entirely  to  the  atone  age, 
exhibiting  uo  trace  of  metal,  bat  with  remains  of  the  stag,  oz,  goat,  and 
pig.  The  other  was  founded  in  the  stone  age,  bnt  survived  ioto  tbe 
age  of  bronze,  a  pin,  a  figb-hook,  and  two  spear-heads,  all  of  broote, 
having  been  fonad. 

Another  large  pile  dwelling  in  the  Lago  de  Oarda,  opposite  Peechiera, 
was  founded  in  thestoneage,  and  wasineontinuonsoecnpationthroogb 
the  age  of  copper  to  the  age  of  bronze. 

Perhaps  the  most  instrnctive  of  these  lake  settlementa  is  the  pile 
dwelling  in  the  Lake  of  Fimon,  near  Vicenza.  It  must  have  been 
foanded  very  soon  after  the  Umbriane  first  reached  Italy,  and  wis 
destroyed  before  they  had  passed  fVom  the  pastoral  to  the  agricnlton) 
stage  of  civilization.  There  are  two  socceaeive  relic-beds,  sepwated  b; 
an  interval,  which  shows  that  the  earlier  town  was  burned,  and  then, 
after  a  time,  re-bnilt.  In  the  oldest  bed  there  is  no  trace  of  agricnlbire, 
even  of  the  rudest  kind.  The  inhabitants  lived  chiefly  by  the  chase, 
but  had  domesticated  the  ox  and  the  sheep.  The  bones  of  the  stag  ud 
the  wild  boar  are  extremely  numerous,  and  these  animals  evidenUy 
formed  the  chief  food  of  the  people,  the  bones  of  the  oz  and  the  abeep 
being  rare.  There  is  no  grain,  and  no  cereals  of  any  kind,  bnt  great 
stores  of  hazel-nuts  have  been  found,  together  with  water-ohestontB 
(ZVapfi  nntans),  wild  cherries,  aud  stores  of  acorns.  The  acorns  wm 
roast«d  for  food,  as  is  proved  by  fragments  adhering  to  earthen  {upkins. 
Flint  tools  and  rude  pottery  are  found,  bnt  no  trace  of  metal.  Tbe 
settlement  was  burned,  and  after  a  time  re-built.  Tbe  newer  relic-bed 
contains  numerous  lliut  chips,  and  one  bronze  ax,  showiug  that  tbe 
age  of  metal  had  commenced.  But  the  notable  fact  is,  that  at  the  tinM 
of  this  new  settlement  the  people  had  passed  from  the  hunting  to  the 
pastoral  stage.  Wild  animals  had  bow  become  scarce,  bones  of  tin 
stag  are  absent,  aud  those  of  the  wild  boar  are  rare,  but  those  of  theox 
and  the  sheep  have  become  common.  The  agricnltnral  stage  bad  not 
however  been  reached  when  this  second  settlement  was  destroyed,  U» 
only  farinaceous  food  being  hazel-nnts,  cornel,  cherries,  and  accHi>B. 
The  dwellings  were  round  huts,  built  of  wattle,  and  plastered  with  day. 
Tbe  remains  of  a  canoe  have  been  found. 

We  learn  therefore  that  when  tbe  TJmbro-Latin  people  reached  Itdy 
they  were  ignorant  of  metals  and  of  agriculture,  living  rnaioly  by  tbe 
chase,  and  on  wild  fruits,  nuts,  and  acorns. 

After  the  lakes  at  tlie  foot  of  the  Alps  had  been  occupied,  tbe  popu 
lation  increased,  and  gradually  extended  itself  southward,  boildiog 
pile  dwellings  in  the  marshes  in  the  neighborhood  of  Maataa.  !%« 
race  next  crossed  the  Po,  erecting  on  dry  land  in  the  plain  of  the  Emili» 
similar  villages  of  pile  dwellings,  the  remains  of  which  are  very  nuiaer- 
ous,  aud  go  by  the  uapue  of  terre  mare.  These  terre  mare,  or  '*  marl 
beds,"  are  small  knolls  or  elevations,  rising  a  few  feet  above  tbe  plain, 
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and  are  most  numerous  iu  tbe  provincos  of  Parma,  Keggjo,  andModeua. 
Tbey  ooosiet  of  beds  of  brovoish  or  dark-colored  earth,  rich  in  pbos- 
pbates  aud  nitrates,  and  which  are  now  used  by  tbe  peasanta  for 
maQaring  tbeir  fields.  Tliey  are  plainly  tbe  refuse  betips  or  middens 
ofaDcient  villages,  which  were  pile  dwellings  erected  on  dry  land. 
They  vary  fixim  an  acre  to  3  or  4  acres  iu  extent,  aud  usually  rise  some 
10  feet  above  the  plain,  resembliDg  the  Arab  villages  in  Egypt,  each 
Ktaudiug  ou  it«  tell,  raised  above  the  inaudation.  Tbeae  knolls  are 
composed  Holely  of  the  refuse  of  habitation,  of  the  bones  of  auimals, 
and  of  broken  pottery  thrown  out  from  the  hats,  which  were  bailton 
lilatforms  resting  on  piles.  The  lower  strata  of  rubbish  belong  to  the 
age  of  stone,  while  in  many  cases  tbe  upper  strata  belong  to  the  age  uf 
bronze.  They  mast  have  been  occupied  for  many  centuries,  to  allow 
ofsnch  vastaccamnlationaof  refnse.  They  were  protected  by  a  square 
earthen  moand  or  rampart,  surmounted  by  palisades,  like  a  New 
Zealand  pah. 

These  terre  mare,  of  which  nearly  a  hundred  are  known,  disclose 
clearly  the  civilization  of  the  first  Aryan  settlers  in  Italy,  the  ancestors 
of  the  Latin  race.  They  made  mats  from  the  bark  of  the  clematis;  they 
knew  how  to  prepare  and  to  weave  fiax;  they  even  obtained  amber 
beads  from  tbe  Baltic,  but  they  possessed  uo  swonls,  fibulie,  or  rings. 
They  had  ueither  iron,  gold,  silver,  nor  glass.  Bronze  was  cast,  but 
not  forged.  Wo  find  strainers  for  preparing  honey,  aud  hand-mills  or 
qncms  for  grinding  grain,  bnt  there  is  no  sign  of  bread  having  been 
baked.  The  vine  was  cultivated,  but  the  art  of  making  wiue  had  not 
been  discovered.  No  idols  of  any  kind  have  been  found.  Certain 
earthenware  crescents,  supposed  at  one  time  to  have  been  symbols  osed 
for  lunar  worship,  prove  te  be  neck-rests,  used  tor  sleeping  on  the 
gtoaod,  80  as  to  avoid  disturbing  the  elaborate  coiflTtire.  The  dwellings 
verc  merely  huts  of  wattle  aud  dab,  no  stone  or  mortar  having  been 
a«ed  in  their  construction.  The  people  bunted  the  stag,  the  roe,  and 
ibe  wild  boar,  aud  kept  dogs,  oxen,  sheep,  goats,  and  pigs.  They  had 
110  fowls.  The  ass  was  unkuown,  and  it  is  doubtful  whether  they  had 
tamed  the  horse.  They  ha*!  dishes  perforated  with  holes,  which  were 
probably  used  for  making  cheese,  but  uu  fishbones  or  fish-hooks  have 
beeu  found.  They  grew  wheat,  beans,  and  fiax,  and  gathered  wild 
apples,  sloes,  and  cherries.  Acorns  were  carefully  preserved  in  jars  for 
winter  use. 

These  peaceful  |>eople  must  have  inhabited  the  plain  of  the  Po  for  at 
least  a  thousaud  years,  probably  for  a  much  longer  time,  two  or  even 
three  thousand  years.  They  had  advanced  to  the  bronze  age,  aud  must 
b«  T^arded.  as  the  anoestora  of  the  Latins  and  the  other  Aryan  tribes 
of  Italy. 

At  some  period  in  tbe  bronze  age  they  were  suddenly  overwhelmed 
by  the  invasion  of  the  Etruscans,  a  fierce  and  savage  race  which  broke 
u  on  them  from  the  north.    All  their  settlements  were  destroyed— -not 
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one  Biirvlved  t«  tbe  iron  age,  which  probably  commeuced  in  Italy  in  the 
Diiilli  or  tenth  century  B.  o.  Od  other  groDDds  it  ie  believed  that  tbe 
Etruscan  invasioD  was  not  later  thaa  the  eleventh  centnry  B.  c.  We 
learn  from  Varro  that  the  Etrnscan  era  began  291  years  before  the 
Roman.  The  Roman  era  began  in  753  b.  c,  and  therefore  tbe  Btrascao 
era  dates  from  1044  B.  c.  But  it  is  not  likely  that  the  Etruscan  era  begao 
before  the  conquerors  had  settled  down  into  an  organized  state — dw- 
decim  jwpuli  £(ruruc,  or  confederation  of  tbe  twelve  Etrnscan  tribes. 
W^  may  therefore,  with  some  probability,  place  the  Etrnscan  in\-asioa 
of  Italy  in  the  twelfth  centary  B.  c.  It  may  not  improbably  be  con- 
nected with  tbe  great  movementof  races  about  this  period,  which  began 
with  thecouqueatof  Syriaby  theUittites,  and  of  Egypt  by  theUykaoft, 
and  ended  with  the  Tliesaaliaa  and  Dorian  invasions  of  Greece,  ami 
that  consequent  emigration  of  the  older  Greek  tribes  to  AsiaMiuor  which 
lies  at  tbe  base  of  the  Homeric  Epos.  It  is  possible  that  theEtxnscana 
may  themselves  have  been  an  Asiatic  people,  akin  to  the  Kbetaand  the 
■^  Hyksos.  This  supposition  derives  support  from  the  similarity  in  tie 
appearance  of  the  Qittites  and  the  Etruscans  as  portrayed  on  their 
respiHitive  monuments,  from  the  old  tradition  which  connects  tbe  Etme- 
cans  with  Asia  Hinor,  and  also  from  the  recent  discovery  in  Lemaos  of 
inscriptions  believed  to  be  in  a  language  of  the  Etruscan  type. 

After  overwhelming  thelTmbriao  settlements  in  the  valley  of  the  Po, 
the  Etruscans  extended  their  dominion  across  tbe  Apennines  to  tbe 
Amo  and  tbe  Tiber.  It  seems  probable  that  tbe  foundation  of  Rome 
was  due  to  the  Umbro-Latin  fugitives,  whoplaced  the  Tiber  as  abarrier 
lietween  themselves  and  tbe  invaders,  establtsliiug  themselves  on  the 
Palatine,  as  their  Etruscan  foes  did  at  Veii,  11  miles  north  of  Rome. 
Just  as  the  foundation  of  Venice  is  attributed  to  the  fugitives  from  the 
invasion  of  Attila  and  tbe  Huns, so  the  foundation  of  liume  may  be  due 
to  f^igitires  from  the  invasion  of  tbe  Etruscans.  This  is  sup{K>rted  by 
tbe  fact  that  the  terra  mare  and  the  palajittc,  which  are  believed  to 
constitute  the  primitive  settlements  of  the  Qinbro-Latiu  Aryan  race,  are 
not  found  south  of  tbe  Apennines  beyond  the  Emilia  and  the  valley  of 
the  Po.  The  Etruscan  dominion  and  civilizution  endured  for  some  7<K) 
years.  At  length  it  fell  before  tbe  invasion  of  the  Gauls  in  400  B.  c.. 
Just  as  the  Umbrian  civilization  had  fallen  before  the  inroatl  of  the 
Etruscan  hordes.  And  thus  EtruriaOircumpadana,  the  former  Umbrian 
land,  became  cisalpine  Gaul,  its  possession  revertiug  to  a  people  who 
in  race  and  language  were  nearly  akin  to  its  former  inhabitauts. 

The  settlements  of  the  Gauls  are  recognized  by  the  tongues  and  tbe 
long  iron  swords  which  are  found  in  tbeir  graves.  At  Bologna,  in  the 
cemeteries  of  tbe  Gertosa  and  Marzabotto,  we  have  tbe  tombs  of  the 
three  successive  races,  Umbriaos,  Etruscans,  and  Gauls,  all  different  in 
character,  and  easily  to  be  distinguisbeil. 

Thus  it  appears  that  the  fertile  plain  of  the  Po  was  occupied  by  many 
successive  races,  whose  descendants  may,  with  greater  or  leas  certainty, 
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be  recognized  in  tbe  preseat  population  of  Italy.  We  faave  first  the 
Palsolitbie  Iberian  savages,  mere  faautera  and  probably  cannibals,  lin- 
ing in  caves,  ignorant  of  pottery,  wLoae  doacendaiits  may  be  traced  in 
SardiDiaaud  SoDtbern  Italy.  They  were  followed,  in  the  early  Neo- 
lithic period,  by  the  Ligurians,  possessed  of  pottery,  but  without  domes- 
tiGSniroals.  Their desoendanta  now  occupy  the  Khietian  and  Maritime 
Alps.  They  were  sacceeded  towards  the  close  of  the  Neolithic  age  by 
the  Umbro-Latiu  race,  who  lived  in  huts  and  pile  dwellings  iuetead  of 
cares,  who  possessed  oxen  and  sbeep,  canoes  and  wagons,  and  who 
gradually  acqnired  a  knowledge  of  bronze.  In  the  bronze  age,  some- 
time before  the  middle  of  the  eleveuth  ceutnry  b,  c,  they  were  over- 
vliehned  by  the  Etruscan  inroad,  their  villages  were  destroyed,  and 
they  fled  southward  from  the  invaders.  Then,  at  the  close  of  the  fifth 
century  b.  c,  the  Etruscan  dominion  was  destroyed  by  the  Boii  and 
other  Gaulish  tribes,  who  were  iu  the  iron  stage  of  civilization.  Finally 
came  the  conquest  of  the  Romans,  and  afterwards  those  of  the  Heruls, 
Goths,  Huns,  and  Lombards. 

The  people  who  lived  in  the  pile  dwellings  in  the  valley  of  the  Po, 
and  who  are  nsually  called  Umbrians,  were  clearly  of  the  same  race  as 
the  ancient  Komans.  The  skull  is  of  the  same  BUai>c,  the  type  of  civili- 
zation was  tbe  same,  aud  Latin  and  Umbriau  were  merely  dialects  of 
the  same  language. 

Owing  to  tbe  practice  of  cremation  genuine  Bomati  skulls  are  rare,  >■ 
and  of  skulls  ostensibly  Roman  many  turn  oat  to  be  those  of  freedmen 
or  provincials.  But,  judging  from  the  few  we  possess,  the  sha^w  of 
tbe  head  waa  almost  identical  with  that  of  tbe  Umbrians,  of  the  Swiss 
lacDBtrine  people,  aud  of  the  Celtic  round  barrow  race  of  Britain.  The 
freat  breadth  of  the  Roman  skull  is  well  seen  in  tbe  portrait  busta  of 
Hberius,  Nero,  Vespasian,  Titus,  and  Marcus  Anrelius. 

That  the  Romans  were  originally  iu  tbe  same  pastoral  stage  of  civil- 
ization as  the  Umbrians  is  shown  by  the  fact  tbat  the  words  for  money 
and  property,  peeunia  aud  peoulium,  are  derived  from  pecun,  cattle ; 
vhile  the  ox,  which  appears  ou  some  oarly  Roman  coins,  may  indicate 
the  fact  that  tbe  ox  was  the  standard  of  pecuniary  value.  The  hut 
Drag  found  in  tbe  ancient  cemetery  of  Alba  Louga  show  that  the  Latins 
at  first  lived  in  huts  like  those  of  the  Umbrians.  The  cedes  Veslce  iu 
the  Forum,  the  most  venerable  relic  of  early  Rome,  was  originally  a 
but  of  wiokerwork  and  straw,  and  so  was  the  casa  Romuli  on  the  Pala- 
litie. 

The  population  of  Italy  has  now  become  so  mixed  that  in  many  prov- 
inces it  is  difficult  to  detect  aud  separate  the  original  elements.  But  tbe 
Sanltnians  aud  tbe  peasants  of  Southern  Italy  stilt  display  tbe  primi- 
livB  Iberian  type,  aud  the  Greek  type  survives  on  tbe  sites  of  some  of 
the  old  Greek  colonies.  For  instance,  at  Naxos  and  Syracuse  about 
'■H  per  cent,  of  the  people  have  blue  eyes,  while  at  Palermo,  which  was 
never  a  Greek  city,  tbe  proportion  is  less  than  1  per  cent.  In  some 
H.  Mis.  129 32  CtOO^Ic 
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parts  of  Lombanly  Teutonic  village  names  are  uumerons,  and  Teatmue 
names,  of  Ootbic  or  Lombard  origin,  are  common  among  the  nobilitj. 
Piliberto,  Humberto,  and  Qaribatdi  are  genuine  Toatonic  names;  so 
also  is  that  of  tbe  Italian  seaman,  Amerigo  Vespacci,  wbo  boie  &e 
Gothic  and  Lombardic  name  of  Amaric,  which  he  has  given  to  the  New 
World. 

It  is  cnrioaa  that  America,  tbe  continent  which  has  become  the  pftl- 
rimon;  shfuvd  nearly  equally  by  the  Teutonic  and  Latin  races,  shonld 
iteelf  bear  a  Teutonic  name,  whose  Latinized  form  bears  indisputable 
witness  to  tbe  Teatonic  conquest  of  the  oldest  seat  of  the  Latin  tms 
in  ItAly. 
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It  is  generally  admitted  that  bronze  was  fcnown  and  made  nse  of  in 
Egypt  from  the  earliest  times  of  the  anoient  empire,  abont  6,000  years 
ago:t  but  authors  do  not  agree  bo  well  in  respect  to  iron.  The  major- 
ity affirm  that  this  metal  was  also  kunwn  in  the  valley  of  the  Nile  at 
M  epoch  not  less  remote.  Very  strong  reasons  however  appear  to 
me  to  demOD8trat«  that  it  was  in  the  second  millenium  before  the 
Christian  era,  that  the  use  of  iron  possessed  in  Egypt  an  im)K>rtaace 
that  authorizes  us  to  speak  of  an  age  of  iron  in  that  country.  The 
greater  part  of  the  time,  then,  that  embraces  Egyptian  civilization 
ahoald  be  considered  as  an  age  of  bronze. 

Assuredly  to  the  majority  of  persons  this  conclusion  will  appear  un- 
expected, if  uot  absurd.  Egyptian  civilizatiou,  in  faet,duriug  the  period 
meutioned  was  eminent  to  a  degree  that  can  scarcely  be  believed  pos- 
sible without  an  acquaintance  with  iron.  But  we  must  not  forget  that 
the  Aztecs  in  Mexico,  with  their  civilization  largely  developed,  were 
nill  living  in  a  pure  age  of  bronze  on  the  first  arrival  of  Europeans. 
The  most  important  and  almost  note-worthy  reason  that  has  been 
eiled  to  establish  the  age  of  iron  in  Egypt  several  thousand  years  be- 
fore the  Christian  era  is  that  at  this  remote  epoch  massive  edifices 
vere  tdready  erected  there  in  wrought  stone,  and  that  this  stone  is  so 
liaid  that  it  can  be  cut  only  with  implements  of  iron,  or  rather  of  steel, 
^e  celebrated  German  Egyptologist,  Mr.  Lepsius,  affirms:  "Great 
muses  of  carved  granite,  certain  specimens  of  which  are  met  with  from 
Uie  fourth  dynasty  of  Man^tbon,  do  not  permit  ns  to  question  that  iron 
was  known  at  that  era.*^    On  the  other  band  it  has  been  established  by 

"Tnnalated  from  L'AntkropologU,  JnDnary,  1890,  vol.  i,  p.  35. 

IPerrott  and  Chipiez:  HaMre  de  VJrt  Vatitiquil^,  vol.  i,  Bgyiilu,  p.ffJO.  Arcelin: 
'".AiMtc  EgyplitTtHt  pfndant  Vdge  da  broiae,  in  the  Materlaux  pour  Phittoirc  de  Vhommt, 
ItW,  p.sn.  Id  makiog  deep  drille  in  Egypt  "a  copper  kuire"  was  discovered  at  a 
dtptb  of  24  feet  (Uook,  ^gyplfiu  rormelalliteke  leil,  p.  5).  The  Britiab  Mnseum 
piMKaaed  a  few  axes  of  broDse  with  descriptiona  from  the  time  of  the  siitli  dynsaty , 
oTKboat  the  middle  of  the  third  milleDinm  before  the  Chiiatian  era  ^  Guide  (a  Me 
KnV«M  Sootu  (in  the  Britiah  miiariim),  p.  48. 

t  Lepaim,  La  MtUmx  dan*  It*  in«crij>Uoii«  i.'ffjyIinMM,  traoalftted  from  the  Oerman 
bj  W.  Berend,  Pajia,  1887,  p.  57.  ,  ,  r , 
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special  ezperiioetits  that  meUl  iustruments  are  not  reqaired  in  order  to 
cart-o  a  stonu  as  iiard  aa  tbat  of  Bgyptiau  edifices.  Stone  implements 
may  be  employed,  altbougb  in  tbig  manner  the  work  pn^resses  very 
slowly,  and  reqaires  a  great  deal  of  patience.* 

But  tbe  Egyptians  had  had  oceasion  to  exercise  patience,  and  every 
work  can  be  accelerated  by  a  multiplicatioii  of  tbe  forces  pat  in  opera- 
tiou.  Tbe  Egyptian  kings  in  their  enterprises  of  constrnction  were  not 
accustomed  to  spare  tlieir  laborers.  Moreover  it  most  be  noted  that 
Egyptian  granite  is  so  hard  that  onr  best  steel  instruments  atesoou 
ruined  wheu  one  attempts  to  work  with  tbem.  The  fine  figures  wbioh 
are  foundou  Egyptian  monuments,  and  especially  thehieroglypbics,  may 
ratlier  be  designated  as  engraved  tliad  carved.  "  It  is  in  no  wise  im- 
probable," says  tbe  English  antiquarian,  Mr.  Wilkinson,  who  interested 
bimself  very  much  in  the  ancient  Egyptains,  "that  tbey  were  fomil' 
iar  witb  (he  use  of  emory  at  tbe  time  when  tbat  substance,  which  is 
met  witb  in  tbe  islands  of  Archipelago,  was  accessible  to  them ;  and 
if  this  be  admitted  we  cau  explain  the  perfection  and  admirable  deli- 
cacy of  the  hieroglyphics  upon  tbe  monuments  of  gianite  and  basalt 
We  then  also  comprehend  why  implements  of  bronze  will  be  preferred 
to  those  of  Bte«-I,  which  are  harder  and  denser;  for  it  is  evident  that 
emery  powder  will  be  incrusted  upon  the  former  and  that  its  action  on 
stone  becomes  greater  in  proportion  to  the  quantity  fixed  on  the  sharp 
edge  of  the  chisel ;  in  onr  times,  with  tbe  same  view,  we  prefer  soft  irfui 
.  tools  to  those  of  hard  steel." 

It  ia  probable  that  sand — or  emery,  if  they  really  possessud  it — was 
used  in  the  sawing  of  stone.  We  cau  thus  more  easily  explain  why 
vertligris  hos  been  sometimes  observed  in  the  quarries  apon  plaees 
where  fragments  of  the  rock  have  been  detached  by  much  sawing.! 

The  proof  that  bronze  implements  were  employed  by  Ggyptiaus  for 
stone  work  is  given  by  a  Grecian  author,  Agatbarchides,  who  lived 
about  a  hundred  years  before  tbe  birth  of  Jesus  Christ.  He  relates 
that  iu  his  time  bronze  tools  had  buen  found  in  tbe  gold  mines  in  Egypt 
which  had  formerly  been  used  by  tbe  mining  laborers.  He  explains 
the  utilization  of  bronze  very  correctly  in  stating  that  iron  was  entirely 
unknown  at  the  time  when  tbe  first  operations  in  mining  were  begaD4 

Upon  the  monuments  iu  the  time  of  the  ancieut  empire  we  sometimes 
see  representations  of  men  who  are  carving  stone  by  the  instromeDtality 
of  chisels,  whose  yellow  or  reddish-brown  color  shows  tbat  they  were 
of  bronze.§ 

*  Soldi,  LaArlt  tnecon«u»,  Paris,  1881,  p.  iV/i.     Perrot  Chipiez,  out.  tit,  i,  p,  7&S. 

t  WilkJDBOii :  "  Manucrrt  atid  Custoiiis  of  tha  Ancient  EgjptlSDS,"  Inl  udllioQ,  tuI. 
Ill,  pp.  250,251. 

t  Evnns:     "Anoieut  SUino  Iniplemcnts  of  Great  Hrjlaiu,"  p.  (J. 

4BoBellini:VoRiim«iilj  ieW EgiHoe  dtUa  Xitbia  (Monvmenti  <i'cili  Pl.Xlviu.J  Oim>>( 
tliese  cbiuels  is  uoC  lituish,  iia  Laa  lieeo  iudicated  (Khiad :  Tlebra,  U»  71»a>te  ami  Smt 
TmaiiU,  p.  222),  but  redditih  brovrn. 
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AtTbebeSjin  tbe  midst  of  the  waste  from  the  carving  of  stones, 

VilldDsoii  foanil  a  large  bronze  chisel  wbich  evidently  had  been  for- 
gotten by  the  citizens  thonsands  of  years  ago.*  This  chisel,  22  centi- 
meters iu  length,  presents  at  the  upper  extremity  very  clear  oiarks  of 
Uovg  from  a  hammer,  bat  the  edge  is  so  intact  that  it  appears  new. 
It  would  soon  have  been  destroyed  if  workmen  little  accustomed  to 
SQch  implements  had  endeavored  to  cut  with  it  a  stone  similar  to  tbat 
wbich  it  shaped  in  other  days. 

Tbat  the  Egyptians,  by  means  of  their  bronze  implements,  ooald 
bare  been  able  to  produce  what  tbey  have  made,  uodonbtedly  does  not 
depend,  as  has  been  euppoeed,  upon  the  fact  that  tbey  were  in  pos- 
session of  tbe  secret  talent,  bid  for  so  long  a  timu,  of  temi>ering  bronze, 
bat  only  tiiat  tbey  bad  tbe  skill  acquired  by  long  practice  of  nsing 
their  ntensils,  a  skill  that  we  no  longer  possess,  being  accustomed  to 
otber  instntments.  It  can  not  be  denied  that  tbe  manner  in  which  tbe 
stones  of  Egyptian  monuments  are  cnt,  presents  a  great  analogy  with 
Ibe  fabrication  of  pre  historic  tools  of  stone  and  the  sockets  of  their 
bandies.  Even  lately  it  was  supposed  that  these  tools  and  their  sockets 
mold  not.  have  been  fabricated  without  the  aid  of  steel  instrnments. 
Tbis  view  was  snetained  until  experiments  had  placed  beyond  all  dis- 
pnte  the  fact  that  by  nsing  stone,  bone,  or  wood  solely,  such  tools 
eoald  he  made  and  perforated,  provided  tbat  the  necessary  skill  and 
time  were  bestowed  on  this  work. 

Imposing  edifices  of  hard  stone,  richly  adorned  with  reliefs,  may  be 
cingtTucted  without  iron.  Proof  of  this  is  furnished  by  Mexico  and 
Central  America,  which  are  rich  in  monuments  of  this  kind  anterior  to 
Colambus  and  to  tbe  Intrmlnction  of  iron  into  those  countries  by  Enro- 
peanSi  One  cannot  therefore  rely  upon  the  fact  that  the  construction 
lod  embellishment  of  tbe  stately  edifices  of  the  nncioitt  empire  are 
impossible  without  steel,  to  maintain  tliat  the  age  of  iron  commenced 
in  Egypt  at  that  distant  period. 

We  must  then  fix  theeiwch  of  the  introdaction  of  the  age  of  iron 
into  Egypt  by  the  same  method  wbich  has  so  well  succeeded  in  other 
oMintries.  This  problem  attracted  too  late  the  attention  of  the  Egypt- 
ologigtB.  The  greater  portion  of  the  discoveries  that  are  pertinent  to 
lUi  question  were  not  therefore  investigated  as  they  should  have  been. 
Uwill  be  Been  presently  however  that  the  docnments  arc  numerous 
and  clear,  and  that  the  paintings  especially  instruct  us  with  very  great 
fiactitade. 

U  is  necessary  to  examine  tbe  facts  by  grouping  them  under  four 
beads; 

(t)  What  are  the  objects  in  iron  discovered  in  Egypt  which  date  from 
Ibe  most  remote  era,  and  of  what  character  are  thoy  t 

snt  EftJptikDB,  vol.  Ill,"  i)p.  249, 
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(2)  What  are  tbe  most  ancient  ioscriptione  in  wLich  iron  ismentuoed} 
Can  we  be  fully  enlightened  through  them  in  respect  tothesignifloatioa 
of  the  hieroglyphicfl  which  are  supposed  to  designate  ironf 

(3)  What  are  the  most  antique  monuments  representing  armB  and 
instrameuts  of  irouT 

(4)  Up  to  what  epoch  did  they  continue  in  Egypt  to  employ  arms  aod 
instriimeDts  of  bronzeT  Can  we  perceive  upon  these  objects  marks  left 
as  a  consequence  of  long  nnage,  whether  iu  the  reparation  of  the  sbuv 
edges,  or  otherwise,  proving  that  they  wero  used,  and  that  they  inn 
not  fabricated  solely  for  the  torubl 

To  the  first  interrogatory  it  is  easy  to  respond :  Fragm«itB  of  iron 
instrnments  bare  been  found  in  a  lew  pyramids;  and  if  they  date  fiwn 
tbe  time  of  these  mausoleums  they  fhlly  establish  the  great  antiquity 
of  iron  in  Egypt.  The  best  known  of  these  fragments  is  the  one  dia- 
covered  by  an  Englishman,  Mr.  Uill,  in  1837,  in  the  great  pyramid  »t 
Gizeh,  built  about  3,000  years  before  Christ.  It  issappoeed  that  it  was 
a  fragmeut  of  an  instrument  with  which  tbe  surface  of  hewn  stone  wu 
polished,  bat  it  is  also  bettered  that  it  is  not  of  steel,  but  of  iron.  It 
may  hare  been  discovered  near  the  orifice  of  one  of  the  narrow  atmos- 
pbcrio  canals  which  traverse  the  body  of  the  pyramid  as  far  as  the  tarn- 
tuary  cavern,  and  in  articulation  of  the  stones,  but  not  until  after  the 
two  layers  of  esterior  blocks  foruiiug  the  cap  of  tbe  pyramid  has  been 
removed.  JSo  fissure  was  observed  or  aperture  of  any  description, 
through  whiub  this  iron  after  the  constructiou  of  the  pyramid  might 
have  been  introduced  at  the  point  where  it  was  found.  For  this  reason 
several  persons,  having  explored  this  locality  immediately  after  the  dis- 
covery, bare  publicly  attested  their  conviction  that  the  fragment  of  iron 
had  been  left  between  tbe  stones  during  tiie  construction  of  tbe  pyra- 
mid, and  that  it  could  not  have  been  inserted  thero  after  this  period.* 

Similar  discoveries  have  been  made  more  recently.  Thus  M.  Maspero, 
in  1882,  collected  several  parts  of  iron  hoes  iu  the  black  pyramid  at 
Abonkir,  probably  built  during  the  sixth  dynasty;  that  is  to  s^y,  in  the 
third  millenium  beforo  the  Christian  era.  He  discovered,  moreover,  a 
few  fragmeuts  of  iron  iustrumcnts  in  the  mortar  between  two  stones, 
in  a  pyramid  in  the  vicinity  of  Esneb-t  This  pyramid  is  not  antenor  to 
the  seventeenth  dynasty,  and  its  construction  consequently  immediately 
preceded  the  inauguration  of  the  Sew  Empire.  Mr.  Haspero,  as  I  be- 
lieve, has  given  no  information  more  precise  iu  regard  to  tbe  sitoatiou 
and  tbe  bearing  of  these  fragments  of  iron. 

Reasons  that  we  are  about  to  assign  anthorize  us  to  doubt  the  con- 
clusions which  have  been  drawn  from  these  discoveries.  The  presence 
of  these  iron  fragments  in  certain ;  but  aro  we  equally  assured  tbat  they 
date  from  tbe  erection  of  the  monuments  tbat  contained  them  T    Tbe 


*  Vyse,  "P;raiDiitB  of  Qiiieli,"i,  pp.  375, 376.    TraDsactioas  of  the  second 
the  iDteFoationnl  CoLgrera  of  Orientalists,  held  iu  Loadou,  IB74,  pp.  3 
t  Haapero,  Ouide  da  VUilear  au  Mtmie  dt  Boulag  (P»rie,  1884),^  39^ 
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points  ttt  which  thfiy  have  been  met  with — have  they  not  been  accessi- 
ble to  mftn  fit>[n  time  to  tiue  during  the  thousaods  of  years  tbat  have 
followed  the  construction  f* 

Can  it  be  affirmed  that  the  layers  of  stone  under  which  tbey  were 
I,viDg  were  intact,  and  that  the  blocks  bad  never  been  displaced  and 
artcrwards  restored  to  their  placet  In  our  days  these  blocks  have  t>een 
removed  without  any  harm  Iwing  done  to  the  solidity  of  the  edifice. 
Tbe  eironmstauees  of  the  bearings  do  not  extinguish  all  possibility  of 
tlmr  introduction  at  an  epoch  mure  or  less  late,  and  it  does  not  seem 
that  we  are  justified  in  drawing  from  these  discoveries  the  conclnsioD 
thM  iron  was  already  known  and  employed  by  the  Egyptians  3,000 
saaa  B.  c.l  One  has  so  much  the  less  the  right  to  an  opposite  con- 
clogion,  as  we  are  al>ont  to  see,  {foxa  all  tbat  is  known  elsewhere  con- 
cenilDg  the  epoch  when  iron  was  used,  not  only  in  Egypt,  but  even  in 
other  oonntries. 

Lepsius,  who  supposes  that  iron  was  in  use  in  Egypt  tcom  the  fourth 
eentDry4  is  obliged  to  avow  that  iu  Egyptian  tombs,  until  now,  few 
objects  iu  iron  have  been  fonnd,  and  that  these  objects  are  some  of  an 
DQoertain  era,  others  recent.  This  declaration  of  one  of  tbe  most  emi- 
nent scholars  in  Egyptian  antiquity  was  made,  it  is  true,  12  years  ago, 
but,  more  recently,  in  the  special  circle  of  Egyptologists  doubta  have 
been  manifested  concerning  the  antiquity  of  iron  in  Egypt.  § 

Incontestable  proofe  of  the  existence  of  iron  befbre  the  epoch  of  the 
new  empire,  that  is  to  say,  before  the  middle  of  the  second  milleninm, 
B.  c,  have  oot  been  produced.  Having  maintained  as  evident  that 
Uie  Egyptians  were  iu  possession  of  iron  at  an  epoch  far  more  remote, 
tbe;  have  meanwhile  tried  to  explain  tbe  absence  of  this  metal  in  tbe 
most  ancient  Necropolises  and  Manaoleums  by  invoking  a  religions 
prejudice. 

Iron  was  regarded  as  the  bone  of  Typhon,  the  enemy  of  Osiris,  and 
for  this  reason  considered  impure;  one  could  not  make  use  of  it  even 
for  the  most  ordinary  requirements  of  life  without  polluting  bis  soul 
in  a  way  that  would  cause  him  harm  both  on  earth  and  iu  tbe  other 
world.  Meanwhile,  Mr.  Maspero,  one  of  the  moat  eminent  Egyptolo- 
gists, has  demonstrated  that  this  explanation  is  not  satisfactory,  for 

'  Vtm  uya  ("  Pyramids  of  Gizeli,"  I,  p.  4)  tbat  tbe  moDth  of  the  atmoHpherio  canal 
in  qonlioQ  is  found  parti;  enlarged  before  be  began  hli  labors  there. 

tTbescmplei  I  have  eiprsMed  in  reipeot  to  the  digcovery  of  iron  in  tbe  great 
pjniiiid  are  not  now  presented  for  tbe  tirat  time ;  compare  the  work  of  Hbind,  pob- 
Uibcd  iu  1863,  Thebes,  its  Tomba  and  Iheir  Tenaats,  p.  237. 

tLepaias,  i^ei  Mttaux,  p.  54. 

fin  the  official  guide,  printed  in  1879,  for  thn  use  of  the  visitora  to  tbe  Britiah 
Mtueem  (A  Omidt  to  lie  Egyptian  JtooMi,  p.  40)  we  Tead :  "  It  is  doubtful  If  the  nae 
of  iron  waa  known  at  a  verj  remote  period."  In  the  eame  way  people  eipreseed 
tbtnuelvea  later,  in  1884.  See  Joamal  of  tbe  Anthropological  luatltate  of  Great 
BriUiD  and  Ireland,  seeeion  of  March  25,  1884.  Compare,  also,  Ferrot  and  Chiples, 
aiiliiir«der^rl,  etc.,  vol.  i  (printod  1962),  pp.  753, 754,  and  830. 
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he  Bays{p.  29d),  "The  religious  imparity  of  au  object  has  never  BnfBeed 
to  prereat  the  use  of  sucli  object.  To  cite  bat  a  single  example, 
poric  also  was  dedicated  to  Typhon  and  considered  impare ;  they  wfre 
bred  however  in  droves,  nnd  the  nomber  of  these  aoioials  was  con- 
siderable enough,  at  least  in  certain  cantons,  to  allow  the  good  Herod- 
ituB  to  relate  that  they  were  let  loose  ia  the  fields  cfter  the  harv«eta  in 
order  to  press  down  the  earth  and  hary  the  grain.  Besides,  in  Egypt 
ench  individual  object  was  not  exclaaively  pure  or  impare,  bat  Ronw- 
times  one,  sometimes  nnother,  according  to  circa  nistances.  It  is  thiu 
that  the  boar  and  the  sow,  despite  their  Typhonian  character,  were 
the  animals  of  Isis,  and  consequently  share  the  Osirien  parity.  Ino, 
which  certain  traditions  call  the  booe  of  Typliou,  is  commonly  called 
"bonipit,"  the  sabstance  of  heaven;  it  is  hence  pare  in  oertain  aspeda,  I 
and  impure  in  certain  others."  I 

Keligioas  scruples  bad  not  placed  any  obstacle  to  the  employnent  of 
iron  in  Egypt  at  the  epoch  when  this  nsefnl  metal  was  really  kDoWD, 
for  divers  iron  instruments  have  been  foand  in  contemporaaeona 
tombs.  Many  of  these  objects  have  been  deposited  in  the  mnseam  of 
the  Lonvre ;  they  are  all  probably  posterior  to  the  fifteenth  century  b.  c. 
and  very  near  to  that  date.  The  most  ancient — if  we  do  not  consider 
the  fragments  already  mentioned  which  come  from  the  pyramids— 
that  are  known  in  Egypt,  and  the  age  of  which  can  t>e  established,  is 
a  curved  blade  resembling  a  reaping  hook,  winch  Belzoni  one  day  pat 
ander  one  of  the  Sphinxes  at  Karuak,  but  the  age  of  this  blade  does 
not  go  beyond  the  seventh  century  B.  o.*  Maspero,  who  sapposee  the 
nse  of  iron  in  Egypt  to  be  very  ancient,  has  endeavored  intwoiostanoes 
to  find  an  esplanatiou  of  the  rarity  of  this  metal.  He  tbinfes,  in  the 
first  place,  that  iron  utensils  which  conld  not  be  employed  have  been  k- 
melted.  But  this  does  not  explain  to  ns  the  reason  why  in  Egyptian 
museums  objects  in  iron  are  more  rare  than  objects  in  bronze.  The  re- 
casting of  bronzes  out  of  use  was  at  least  practiced  as  much. 

In  the  second  place,  Mr.  Maspero,  and  with  him  many  others,  have 
desired  to  explain  the  absence  of  iron  by  arguing  its  destruction  by  mat. 
Bni  it  is  necessary  to  recall  that  Egyptian  tombs  are  so  dry  that  here, 
less  than  anywhere  else,  could  iron  have  been  corroded  by  oxidatiOD. 
Besides,  rust  has  not  the  consuming  activity  which  is  eonietiiDH 
believed.  A  great  deal  of  time  is  required  to  accomplish  its  work  of 
destruction ;  and  in  point  of  fact  this  rust  coold  not  entirely  disappear. 

*  Dii;:  I'rehUloHo  Uh  of  Irtmand  Sttei,  p.  14.  Compare  Jottrnal  of  Ike  Antkrep»l»f 
ioal  IniHtute, ,  March  2.'),  1883.  Tbe  outbentjcitj' of  this  discoverj  is  qiiettionnl  lij 
Rhitiil  ( TAebet.  p.  228).  AniioD  obisel  wasfonud  under  an  obelisk  atKaroak,  which 
■hould  date  ftoui  the  eighteeutb  dynasty  (Arceliii.  in  the  Materiaax,  1869,  p.  377). 
bat  th«  deMrnuDation  of  the  age  of  tbe  cbiael  is  perhaps  questionable.  If  it  w«re 
even  correct,  tbe  dlocovery  u^Terthelesa  in  poal«rior  to  tbe  bcginaing  of  Um  Ms* 
Empire. 
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Iitthe tombs  the  rnsted  object,  or  tbe  trace  of  the  rast  upon  neighbor- 
ing objects,  would  have  beeu  discovered.* 

Now  never  in  my  knowledge  has  a  vestige  of  iron  been  found  more 
or  less  rusted,  never  even  has  the  stain  of  rust  lieen  found  in  the  tombs 
[ffior  to  the  fifteenth  centor;  B.  o. 

This  is  all  the  more  important  aa  among  the  discoveries  of  the  first 
milleiiium  b,  o.  both  in  Egypt  and  elsewhere,  nnmeroua  iron  objects, 
amoDg  which  are  several  well  preserved,  have  been  met  with  (Bhind, 
TMtei,  p.  218).  Now,  if  an  object  made  of  iron  can  be  preserved  almost 
intact  (inring  two  or  three  thousand  years,  there  is  no  reason  why  this 
abject  should  have  disappeared  withont  leaving  any  trace  if  it  had 
neained  a  little  longer  in  tbe  earth  and  under  identical  conditions. 

iD&smach  as  to-day  almost  all  tbe  hieroglyphic  inscriptions  can  be 
read  withont  difficulty,  it  might  be  suppose^l  that  it  was  easy  to  respond 
to  the  second  inquiry  above  made  and  specify  tbe  group  of  characters 
that  constitute  the  name  of 'iron.  Ifow,  erudite  men  differ  in  this  par- 
ticolar;  with  one  it  is  sach  a  term,  with  a  second  another. 

it  does  not  appertain  to  me,  who  am  not  an  Egyptologist',  to  examine 
if  tbe  various  and  contradictory  opinions  do  not  procet'd  from  the  fnct 
that  some  hare  imagioe<l  they  discovered  the  word  "  iron  "  in  inecrip- 
tiODsof  an  epoch  when  this  metal  was  as  yet  unknown. 

I  (to  not  know,  farther,  if  the  group  of  bieroglypbics  which  is  reputed 
to  sigDify  the  term  iron  od  a  recent  occasion  referred  to  has  the  same 
sipiGcatioD  in  the  inscriptions  of  the  New  Empire.  It  does  not  safflce 
ibst  the  word  exists;  it  is  necessary  to  prove  also  that  this  term  at  a 
remote  period  did  not  signify  anything  else;  and  for  example,  that 
there  was  iDsteail  of  the  meaning  iron  the  meaning  bronze  or  some 
other  metal  in  general. 

A  striking  example  of  such  a  change  of  signification  is  the  following; 
Id  India  in  the  early  era  of  the  Yedas  ayag,  designate*]  bronze,  and  then, 
after  the  introdnction  of  iron  it  was  applied  to  the  new  metal.  The 
Utinhas  preserved  the  primitive  sense  of  the  word  as.  The  problem 
is  very  essentially  cleared  up  if  recourse  be  bad  to  another  category  of 
itiBtniction:  this  is  our  third  standpoint. 

Among  the  mural  paintings,  so  numerous  and  bo  often  admirably 
preserved,  there  are  a  great  many  arms  and  modelletl  instruments,  tlie 
greater  part  red  or  yellow,  the  rest  blue.  Surely  one  will  not  deny 
that  the  red  and  the  yellow  represents  copper  and  bronze  and  the  blue 
inn  or  steel. 

In  a  tomb  comparatively  modern,  that  of  Rameses  III,  some  arms  are 
red,  others  blue.    Rbind  ( Thebes,  p.  221)  has  erroneously  drawn  from 

'Lcpnna :  Lt»  m^laux,i>p.  52  aod  folloniog.  Ho  aajB  (p.  t>3)  that  Ibe  iron  has  not 
;«lbMn  fonnd  represented  nndei  bis  oamc,  Perrot  and  Chipiez:  HUtoirede  Tori, 
*ol- 1,  p.  753 ;  Cbabas ;  Ssr  le  nam  it  fer  tfiea  in  anciena  Hgyptiena  in  the  Compin  ren- 
*"<le  I'Acad^mie  des  luscriptions  (January  23,  1874).  Brogscb:  JHerogtgphitck- 
r  WoTlerbueh,  vol.  V,  p.  413,  and  following. 

Dg.l.zedl!,GOOglc 


506  THE  AOB  OF  BRONZE  IN  EQYPT. 

tbis  the  coDulusiou  tliat  colors  are  withont  stguiflcation.  This  fut 
demonstrates  only  that  at  tbat  epoch  some  arms  of  broDse  and  othenof 
iron  were  employed,  altbongh  the  latter  metal  had  theu  been  long 
known. 

When  we  examine  attentively  the  paintings  of  ancient  times  we  ob- 
serve that  arms  and  tools  are  painted  there  led  or  yellow,  uever  bltn. 
Lepsins,  who  believes  in  the  autiqnity  of  iron  iu  Egypt,  is  nevertheless 
very  much  surprised  at  the  fact  (p.  ST)  that  red  or  light  brown  is  em- 
ployed in  the  re-prodnction  of  axes,  arrow  barbs,  pruning  hooks,  saws, 
chisels  razors,  and  butcher  knives. 

It  is  ill  the  paintings  of  the  new  empire  alone  that  met^lic  objects 
are  painted  blue.  This  can  be  uatarally  explained.  Bronse,  ODtil 
towards  the  fifteenth  ceutnry  b.  c,  was  employed  only  for  the  fahrios- 
tiou  of  arms  nud  instruments;  iron  was  not  as  yet  in  nse.  Let  ns  ex- 
amine, finally,  the  last  aspect  of  the  question.  The  absenceof  ohjMta 
mitde  of  iron  in  the  mortnary  fomitnre  of  the  ancient  era  could  have 
no  sigiiitication  or  importance  if  those  of  bronze  were  equally  wanting. 
Bnt  it  is  not  thus.    Bronzes  are  met  with  abundantly  in  the  tombs. 

We  can  now,  thanks  to  the  latter,  approach  thefoiirtb  of  onrqaerieB. 
Among  the  most  remarkable  discoveries  of  bronzes  anterior  to  th« 
new  empire,  or  contemporaneous  with  the  early  centuries  of  that  en, 
we  may  cite  that  of  Drababoul-Xeggab,  to  the  north  of  Thebes.  In 
1860,  some  Arabs  exhamed  from  the  saud  a  coffln,  that  of  Queen  A'hho- 
tap.  This  queen  bad  been  married  to  Kamos,  a  king  of  the  seventeenUi 
dynasty,  and  perhaps  the  mother  of  King  Ahinoa  I,  or  of  bis  consort 
Noflrtari.  King  Ahinos  was  the  first  of  the  eighteenth  dynasty.  A'h- 
hotep,  consequently  was  living  more  than  1,500  years  B.  o.  Her  coffin 
contained  a  large  number  of  precious  objects  and  arms,  with  which  tbe 
museum  of  Boula  is  enriched  and  which  we  are  abont  to  describe.* 
There  was  gold,  silver,  bronze,  but  no  trace  of  iron. 

Arms  and  bronze  instruments  were  in  use  at  a  later  ]>eriod  and  oon- 
curreutly  with  those  of  iron.  This  is  proven  by  nnmerous  brouxes  in 
tbe  Boulaq  Museum  and  the  European  mnsenms  which  bear  the  name 
of  Thontmos  III.  This  king  of  the  eigbteentb  dynasty  lived  during  tbe 
first  half  of  the  seventeenth  century  B.  o.  If  one  has  carefully  read  the 
group  of  hieroglyphics  which  it  is  assumed  constitutes  the  term  iron, 
they  were  acquainted  with  that  metal  at  that  epoch.  There  are  also 
bronzes  which  bear  tbe  name  of  Queen  Hatscbopsitn,  the  sister  and 
corogent  of  Thontmos  IU.  Tbeinscriptioos-that  bear  these  names  are 
engraved  or  written  with  ink  ou  tbe  bronze  itself  or  on  the  wooden 
handles  of  tbe  tools  (Figs.  29  and  39).    It  is  proper  to  note  thatonsev- 

*The  diaoovery  is  deacribed  by  Mnrietto  hi  Natiee  de*  prineipaux  Mojmnflili  ii 
mut^  d^mliqiiitA  iggpiiennei  i  Boulaq.  (Second  edition,  Aleiaadria,  MXA,  pp.  £»■ 
287),  KDd  li;  Maapero  \a  his  Ouidt  d»  ri<itl<ur  au  Mutie  de  Boalaq.  Paris.  IKW,  pf. 
77-83  anil  3-20.  Compure  Perrot  nud  Chipiez,  HitMrt  dt  I'Jrl  vul.  i,  p.  97.  and 
Ermoii,  .%i(p(JCTi,  p.  613.    The  discovery  is  repreaeoted  in  the  JIcew  de  VJrtAUtctmt, 
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enlortbeae  objects  the  same  inscription  in  seen,  with  insignificant 
chMges  '*  The  gracious  God  Ka-meD-Kbeper  (prteuomeu  of  Thoutmos 
III),  tlie  beloved  of  Aminon,  when  the  cord  was  stretched  at  Anien- 
uuaka."  It  is  snpposed  that  it  relates  to  the  fonndatioa  of  a  "pylon" 
which  Thontnios  caased  to  be  built  at  Kamak.* 

Tbe  fact  that  apon  so  many  objects  we  meet  with  the  name  of  this 
king  woDld  indicate  that  this  name  is  of  frequent  occurrence  in  Egyp- 
tian ioscriptiODS.  This  however  may  be  tbe  effect  of  accident  which 
OD  a  single  day  exposed  an  exceptional  number  of  these  objects ;  thus 
io  ft  tomb  at  Thebes  were  discovered  several  baskets  filled  with  instru- 
ments  of  this  cbaracter.f 

It  has  been  8u]>|>o8ed  that  the  arms  and  tools  exhnmed  from  the 
tombs  had  been  specially  fabricated  of  bronze  to  be  employed  at  cere- 
monies either  solemn — for  example,  the  fonndation  of  a  "pjione,"  as 
we  havejnat  seen — or  funereal.} 

The  bronze  from  the  coiisideratioua  of  religions  orders  would  have 
continued  to  be  utilized  longafter  industry  might  have  manufactured 
arms  of  iron  and  tools  for  ordinary  use.  But  this  supposition  is  contra- 
dicted. Since  a  great  number  of  these  bronzes  benr  evideut  marks  of 
long  use,  they  were  not  &ibrie:vted,  consequently  in  order  simply  to  be 
deposited  in  the  tombs.^  At  tbe  close  of  tbe  second  millenlum  B.  0. 
arms  of  bronze  were  not  yet  entirely  replaced  by  iron  arms.  The 
mural  paintings  in  the  tomb  of  King  Ramses  III  at  Thebes,  which  date 
from  the  twelfth  century,  prove  this;  here  a  great  qnautity  ofarmsmay 
be  seen,  the  major  part  blue,  the  remainder  reil.  Lance-barbs  and 
swords  with  two  edges  are  sometimes  red,  at  others  blue.|| 

The  arms  represented  in  this  tomb  were  those  which  were  used  in  war 
at  the  time  of  Bamses  III.  It  cannot  therefore  be  assume<l  that  the 
red  arms  were  of  bronze,  because  they  were  especially  fabricated  for 
the  tomb.    They  are  painted  red  because  bronze  arms  were  then  iu 

*  Siltangtberiekle  dtr  iSnigt.  Premiiichtn  Aeademit  dtr  IFiiieiickafttii  xh  Berlin,  1)^, 
Ml.  xixiv,  p.  770. 

IBronzea  with  th«  name  of  Thontraoa  III,  or  that  of  Hatochopaitn  are  ilepoalted  in 
the  Bonlaq  moBeom  (an  ax,  aohioel,  two  blades  ofasaw,  etc.);  Mnepsro,  G»lde,eto., 
pp.  S97-29l>) ;  tke  British  MaMom  (three  axea  «nd  a  coaple  of  saws) ;  a  Guidt  to  the 
Sgfplia*  room*,  p.  43;  th«  niaMiira  at  Leydea  (two  axes,  odb  saw,  etc.,  LeemaDS 
■VvM.  Bggpt  dit  ifuA  <I«  Leide,  pt.  60,  fig.  3  and  pi.  >»,  figs.  ir>7,  159.  Chabus,  Etuda 
—T  VmtiqaiUliwIOTiqKt,  pp.  76-79;  the  collection  of  tbe  Duke  of  Nortbiiiuberlaad  at 
Alnwick  Castle  (ax,  two  ohisels,  a  drill,  a  Hsw-blade)  Birch,  Calalogut  of  the  Collte- 
lin  of  Egyptian  AntlqailU»  at  Alnwiek  CatiU,  p.  000,  pi.  B. 

tBireh,  Catalogue,  p.  200.  The  same  luscriptiona  am  daplioated  also  upon  tbe 
litODZeH  that  belonj;  to  tbe  c«llectiou  at  Alnwick  Castle. 

f  Tbe  celebrated  Swedish  Egyptologist,  H.  Piehl,  tvboge  attention  1  called  to  the 
■mportance  of  this  ijoestion  before  odo  of  bis  visits  to  Egypt,  had  the  kiniliiess  to 
write  me  that  a  oonsiderable  nuiaher  of  arms  and  bronze  iDstriiments,  preiierved  i  ti- 
the Boalaq  mntenm,  had  evidently  been  lon^  io  use,  as  is  donioostratedhy  thefoct 
Uiatthey  were  nsedand  re-sharpened  again  and  again. 

IChampollion  Mo»»t»t»U  de  fKgypt,  pi.  263-3G4.  Rcsfllini,  .l/oHuwrati  VMH,  pi. 
121;  Lepsias  Ln  Meteux,  p.  117,  and  pi.  11,  flg.  M-7.  GcHIqIc 
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general  use.  It  is  very  importADt  to  eBtabliah  that  broDze  anaa  ven 
common  in  the  second  century,  and  even  tbat  they  were  in  a  majority  at 
this  moment,  wbicb  is  already  an  iron  age.  Snch  wonid  not) hare  bees 
the  case  if  {aa  many  authors  snppose)  iron  bad  been  knovn  and 
employed  in  this  conntry  for  thonsnnds  of  years.  This  is  an  obser- 
TatioD  of  which  the  value  will  be  apprehendeil.  If  iron  bad  been  in 
the  service  of  indniitry  from  the  early  dynasties  it  wonid  not  be  found 
so  rare  still  towards  the  second  eeiitnry.  Everywhere  else  it  is  agreed 
that  when  iron  appears,  bronze  is  not  long  in  yielding  place  to  it  for 
tbe  fabrication  of  swords,  axes,  knives,  etc.  The  experience  acqaiied 
everywhere  on  this  subject  does  not  permit  ns  to  doubt  that  it  woald 
not  have  been  otherwise  on  Egyptian  soil,  or  that  bronze,  in  despite  of 
the  presence  of  iron,  would  have  remained  so  long  alone  or  almost  ex- 
clusively ntilized. 

It  seems  to  result  from  the  discoveries  of  Bchliemann  at  Mycene  and 
Tiryns,  and  which  belong  to  the  close  of  the  second  milleniam  B.  c, 
that  iron  was  not  known  in  Egypt  as  early  as  has  be«D  asserted. 
Amongst  so  many  objects  of  every  variety  which  have  been  collected 
in  the  tombs  of  Mycene,  there  is  no  trace  of  iron,  whilst  hundreds  of 
swords  and  other  arms  are  of  bronze.  In  theroyai  palace  at  Tirvns 
there  is  uo  iron  or  trace  of  iron.* 

Now,  the  antiquities  ofthese  two  cities  tesii^toa  powerful  inflnraoe 
trom  Egyptf  undoubtedly  exercised  through  the  agency  of  the  Phieni- 
cians,  and  it  would  then  be  scarcely  possible  that  iron  should  have  been 
completely  nnkuown  in  Greece,  if  for  two  thousand  years  it  had  already 
been  known  iu  Egypt. 

From  what  we  have  Just  said  ft  follows  with  great  probability  that 
the  Egyptians,  during  the  whole  time  of  tlte  ancient  empire,  and  prob- 
ably until  almost  flfteen  hundred  years  b.  c,  were  not  acquainted  wiUi 
tfae  use  of  iron,  and  employed  only  bronze  for  their  arms  and  instn- 
ments;  that  the  age  of  bronze  consequently  continued  in  Egypt  nntil 
the  epoch  mentioned,  and  that  iron,  as  yet,  towanis  tfae  close  of  the 
second  millenium  B.  c,  had  not  altogether  replaced  brome  for  tkt  eon- 
Btruction  of  arms  and  edged  instruments. 

The  most  remarkable  discovery  iu  Egypt  of  bronze  arms  is,  aa  we 
have  already  said,  that  which  was  made  in  tbe  coffin  of  Queen  A'bhotep. 
Among  the  great  quantity  of  precious  things  which  this  tomb  contained 
we  first  mentioned  were  the  following  objects,  which  constitated  a  part 
of  tbe  toilet  of  that  princess :  Several  gold  bracelets,  ornamented  with 
precious  stones  and  plates  of  glass,  rings  for  the  legs  of  gold,  a  goMen 
chain,  a  diiidem,  a  large  collar  ami  a  decoration  for  the  breast  of  gold 


*  The  IjricH  of  Homer  Hpenk  Boinettmen  of  iron,  liiit  tlieM  MiagB  were  probablj 
not  Gomjiosed  nntit  long  nfter  tlie  epoch  of  tlio  Trojitn  war,  and  cert&ioir  tfaer  itm* 
not  written  in  the  oondilion  in  which  wo  now  iiave  thorn.  Tliey  cannot  itien  t* 
In  teetimoDf  of  the  knowledge  of  irou  in  Greece  at  the  tine  of  AitatoeniKMi  or  of 
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ud  precioas  stones,  the  bandle  of  a  fan  of  wood  lamtnated  with  gold, 
aa  eboDy  mirror  of  gold  aud  gilded  brouze,  etc.  But  along  with  these 
were  fbnnd  iu  the  tomb  of  tho  Queen  various  arms  and  a  stnall  boat  of 
Djauire  gold  mounted  u|>ou  a  wooden  chariot  with  wheels  of  bronze 
and  a  similar  boat  of  silver.  In  the  goldeu  boat  twelve  oarsmen  are 
eeei^  alsoofgold,  who  are  rowiug  under  the  orders  of  the  helmamao  aud 
pilot  in  the  prow.  In  the  center  of  the  boat  a  diiuinntive  personage 
holds  an  ax  aud  a  baton  of  authority;  a  cnrlouche  engraved  behind 
tbe  helmsman  teaches  us  the  death  for  which  bo  was  origiually  pre- 
destmed.  This  boat  is  King  Kamos.  The  vobwL  itself  is  a  symbol  of 
the  craft  on  which  the  deceased  must  embark  ac-ording  to  the  creed  of 
the  Egyptians,  and  be  borne  to  Abydos  in  oi-der  to  entfir  tbe  other 
world. 

Upon  a  few  other  objects  fonud  in  this  tomb  may  be  read  the  names 
of  the  kings,  Kamos,  Abmos,and  the  prenomen  of  the  latter,  Nibiiehtiri. 
The  arms  found  in  the  tomb  are  of  great  importance  to  our  subject. 
They  are  three  poniards  witb  blades  of  bronze  and  gold;  two  axes,  one 
of  gilded  bronze,  the  other  of  silver ;  nine  small  hatchets,  three  of  gold 
and  six  of  siLver;  and  a  baton  of  anthority,  made  of  black  wood  aud 
gold. 

The  figures  that  we  are  about  to  refer  to  are  grouped  upon  the  plates 
apart  from  the  text  here  subjoined.  Oneof  tbeiK>niards  was  originally 
Bbeatbed  in  a  scabbard  of  gold.*  The  handle  is  of  wood,  and  orna- 
mented with  small  triangles  iu  cornelian,  lapis-lazuli,  feldspar  and  gold 
Conning  the  reverse.  For  the  irammel,  four  female  beads  in  pricked 
SfAd;  an  inverted  bull's  head  conceals  tbe  Bolderiugof  the  blade  to  the 
handle.  The  body  of  the  blade  is  of  dark  brouze,  inlaid  with  massive 
gold  and  damascened.  Upon  the  upper  face  above  the  prenomen 
Sihpehtiri  a  lion  is  pursuing  u  bull,  in  advance  of  which  two  locusts 
are  quietly  proceeding.  The  lower  facet  bears  the  name  of  Ahmos  I 
and  fifteen  flowers  iu  full  bloom  which  issue  one  from  another  and  disap- 
pear toward  tbe  point  of  the  blade.  Another  poniard  (Fig.  18)  bas  a 
gold  handle,  the  blade  being  of  brouze.  The  third  poniard  (Fig.  11)  ia 
formed  with  a  very  heavy  bladoiaud  a  disk  of  silver  serving  as  a  handle. 
Pigare  12  exhibits  the  poniard  from  a  side  iH>int  of  view.t 

One  of  the  large  axes  is  represented  in  Fig.  2f>.  Tbe  handle  is  of 
cedar  wood,  ornamented  with  a  goldeu  leaf.  The  name  of  the  king, 
Ahmos,  is  here  traced  in  incrustations  of  lapisOaKuli,  cornelian,  tur- 
qaoiBe,and  green  feldspar.   Tbe  blade  is  provided  with  a  simple  bandle 

'The  fignrefl  irliich  here  represent  tUu  objects  preserved  in  the  miiHvuai  at,  Boul&q 
veeiecated  after  photograptiH  trtiicU,  tbrouKb  tbe  kind  iDHtruiimcilality  of  M.  Piebl 
MdU.  Bnjf^bBej,  were  uxeca  ted  Tonne.  Tbe  description  of  the  siituptuoua  arma 
in  (be  tomb  of  A'bbotep  are  taken  from  the  Guide  du  Virileur  aa  Mu»i!e  de  Bovlaq,  by 
Hupem,  pp.  79-SI.    Compare  KrmaD,  Mnypitn,  p.  612, 

tFig.  12  ia  deoigned  from  Fig.  564  iu  tbe  first  volnuio  of  Perrot  aad  Cbipiez,  outr, 
cU.,  where  it  is  exactly  indicated  as  representing  a  pin. 
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of  nood  aad  maiotained  in  its  socket  b;  a  coil  of  gold  thread.  Itisof 
black  bMuze  aud  has  beeu  gilded. 

One  of  its  facets  bears  lotuses  on  a  gronnd  of  gold ;  the  other 
represents  Ahtnos  threatening  with  bis  ase  a  barbarian,  balf  onr- 
tbrown,  whom  be  is  holding  b;  the  hair  of  bis  head.  Abovo  this  scene 
is  represented  the  god  of  war,  HoDton  Thebaiu,  under  the  form  of  a 
griffin  with  the  head  of  an  eagle.' 

The  other  axe  is  of  tbe  same  form,  tbe  handle  being  of  horn  garnished 
with  gold,  the  blade  being  of  silver.  Among  the  bronze  axes  foond 
in  Egypt  with  which  I  am  acquainted  none  is  perforated  in  the  same 
way  as  the  axes  nsed  inour  days.  AH  are  of  the  same  form  as  the  wedges 
of  bronze  so  common  dnring  the  age  of  bi-onze  in  Europe,  and  iu«  fut- 
ened  to  the  bandies  by  thongs  or  other  bands. 

All  the  Egyptian  axes  that  I  bare  had  an  opportunity  to  see  at  tbe 
Louvre  and  in  other  oollections  have  been  Hat  wedges  without  any 
traces  of  elevation  along  the  borders,  "straight  borders  "t  without 
shonlders  near  the  middle  portion,  to  prevent  tbe  blade  from  entering 
into  the  handle  when  one  stmck  with  it. 

The  blades  are  either  nearly  of  tbe  same  form  as  the  axes  of  stone 
(Fig.  36)  or  else  som^jirbat  enlarged  at  the  edge.  The  upper  portion 
of  several  have  a  form  characteristic  of  Bgyptian  axes  ( Pig.  26).  It  ia 
rectilinear  aud  prolonged  into  a  point  toward  the  two  extremities. 

There  were  however  other  forms  of  bronze  axes,  besides.  Among 
the  re-productions  which  date  fh>m  the  early  era  of  the  andeut 
empire,  axes  with  a  half  circular  blade  are  to  be  seen,  as  in  Fig.  3L 
This  blade  is  massive ;  but  later  on,  towards  the  close  of  tbe  anoieot 
empire,  the  blade  has  very  often  the  form  that  in  shown  in  Pig.  33,  with 
two  round  holes  near  the  handle.  {  The  arm  re]>re8ented  by  Fig.  33 
has  a  similar  blade  with  two  holes,  only  more  elongated ;  the  snrfaoe  of 
the  handle  is  of  silver.  § 

Sometimes  the  axe  blades  are  pierced  through  and  through  like  that 


*  According  to  Ermao  (.Eggplen,  p.  Cl'i)  tbe  tniilille  of  this  beet  ii  coreiwl  with 
blue  enamel  of  tbe  very  deepest  abode. 

I  In  MateriaHJc poHr  VRi»t  de  I'Honme,  1869,  pi.  19,  Fig.  3,  an  Egytian  aie  is  repre- 
•ented  irhich,  according  to  p.  378,  abould  bave  atraigbt  borders,  but  the  desipMof 
the  plate  rererred  to  are  not  sufflcieotly  exact  to  draw  any  oonoloaions.  I  hare  writ- 
ten to  tbe  raoHenni  at  Boulaii,  where  the  figored  axe  should  have  been  depgsited,  to 
inquire  about  it,  but  bave  received  no  reply. 

t  lotennediate  forms  between  Agiirea  Z2  aud  33  are  reproduced  from  tbe  monomeDti 
at  Tbobea,  in  tbe  Maniteit  and  Cmtonti  o/JkeJnoie^t  Sj/ypttatK,  by  Wilkincon  (fint 
edition),  vol.  I,  p.  3^.  Coup.  Lepsiiia,  Deittmaler  atii  ^gpUit  itnd  Stkiofia. 
Vol.  11,  PI.  13a. 

i  Axe  blades  of  precisely  tbe  same  form  as  in  Fig.  33  (without  a  handle),  ate  de- 
posited one  at  tbe  Louvre  and  the  utbcr  iu  the  collection  of  Mr,  Oreeowell  at  Dai~ 
bam.  [n  theae  two,  as  in  tbe  original  of  Fig.  33,  tbe  bordera  around  the  two  •eml- 
ciroular  apertures  are  in  aligbt  relief.  Similar  axea  to  those  of  Fig.  33  may  be  M«a 
among  the  reprodnotioni  of  tbe  twelfth  dynasty.  Lepsins,  let  if^inwx,  vol.ir,  PI.  13i 
and  Wilkinson,  Maimtri  and  Cwilomt,  vol.  i,  p.  335,  Figs.  5  and  6. 

.Google 
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of  Fig.  34,  and  preseut  divors  images.  Celts,  with  sockets  ttimilar  to 
those  which  are  so  often  found  in  Europe,  are  imkuowu  in  Egypt,  but 
celts  vitfa  pinions  are  met  with  there  which  approach  iu  api>earanoe 
tbose  with  sockets.  The  pinions,  which  are  folded  around  the  handle, 
are  found  only  on  one  side;  Fig.  40  repreaents  snch  a  celt.  The  latter 
is  made  of  iron,  bat  bronze  celts  of  the  same  form  are  likewise  dis- 
covered iu  Egypt* 

Id  Egyptian  tombs,  poniards  with  doable  edges  have  t>eeu  found  of 
broue.  The  hilt  is  frequently  formed  from  a  bronze  plate,  the  two 
aides  corered  with  wood,  horn,  hone,  or  ivory. 

The  hilts  of  the  poniards  represented  by  Figs.  1  and  3-5,  which  are 
of  tbia  description,  bave  around  them  a  border  in  bronze.  A  like  bor- 
der may  also  be  seen  lu  tbe  larger  part  of  the  hilt  of  figure  2,  but  the 
pommel  is  entirely  of  bone,  or  rather  of  ivory  fastened  by  a  rivet,  par- 
allel to  the  blade. 

Upon  the  handles  last  mentioned,  the  hilt  properly  speaking  is,  as  is 
geoerally  tbe  case,  much  large  than  tbe  pommel.  Such  however  is 
not  always  the  case.  A  poniard  of  bronze  discovered  at  Tbebes,  of  the 
same  type  as  in  Fig.  9,  has  a  twmmel  almost  as  large  as  the  bilt.t 

In  the  poniard  represented  in  Fig.  9,  the  pommel  is  a  little  larger  than 
the  hilta.  i  The  latter  has  two  semi-circular  holes  and  is  of  ivory, 
while  the  rest  is  of  bom  or  hard  wood,  fastened  with  bronze  rivets.  In 
Fig.  10,  the  pommel  is  very  much  larger  than  the  handle,  in  which  arenot 
to  be  included  the  long  and  narrow  lobes  of  the  haudle,  which  comprise 
the  upper  extremity  of  the  blade.  §  Still  larger  is  the  pommel  of  the 
poniard  which  is  represented  by  Fig.  11,  and  which  we  have  already 
described ;  the  two  semi-circular  holes  which  are  seen  in  the  pommel 
of  Fig.  0  are  likewise  found  in  Fig.  11,  as  also  in  Fig.  10.  Each  of  these 
foor  poniards  have  pommels  almost  circular. 


*A  ■imiUr  celt  id  bronze,  the  pinions  of  nbicli  do  not  extend  as  far  as  those  lu 
fig.M,  is  deposited  in  the  Lejdea  niosenra.  Leemau'e  MonamcHli  EgypCUtii  du 
ViuAdr  Ltide,  PI.  80,  Fig.  :>.    CLabas,  Klude  ivr  raafiijuile  kisloriqac,  p.  7<i. 

tHiebilt  isbalfhoin,  half  ivory(Pris8ed'AvetiDesifoRun(ntl«^<li/jjr.  P1.46,  Cbakas, 
Sttdm  iitr  PantiqtiU  kal«Hqiie,  p.  !f2}.  The  work  <ii]otod  by  Prisae  d'Avenuus  as 
'etltamany  other  books  of  imporlanoe  for  this  essay,  is  nut  at  StoctihritiD, 

I  The  otigiiwl  of  Fig.  9  is  deposited  in  the  British  Museum.  The  Iiaudle  is  pro- 
longed into  a  narrow  tongue  which  crowvs  tbe  hilt.  (Keuibler  Iloriv  feralei  PI.  H, 
f^R'i,  p.  136.}  There  auother  poo  lard  ia  mentioned  deposited  in  the  British  Huseuin, 
"abronze  or  eijver  bilt  which  unites  tbe  pommel  of  ivory  to  the  blade."  On  tbe 
<Ma*ton  of  a  MBsioQ  of  the  Instilnle  of  Arohicologicat  Correspondeocce  at  Rome,  on 
(be  SStfa  of  February,  1K79,  I  saw  a  magnifloent  ponrard  of  tbesame  typeasFig.!!.  It 
Mongcil  to  Hr.  Alex.  Caat«llaDi,  who  hwl  received  it  from  Harietla.  The  iHiiiiard, 
*ith  the  tivD  nsnal  holes,  was  of  cedar  wood,  entirely  covered  with  guld.  Tho  lower 
put  of  the  hilt  was  of  silver,  ornamented  with  gold  riveta,  symmetrically  placed. 
Aloiig  the  middle  of  the  blade  was  a  simple  line  in  relief,  the  greater  part  of  which 
lud  aharp  edges. 

t  The  original  of  Fig.  10  constitutes  a  portion  of  the  collection  of  Mr.  Grecnwnll  at 
Dorfaam.  I  oiro  tho  design  of  tho  latter  and  of  other  Egyptiaa  bronzes  deposited  tn 
ttwMiiieecllMtioii  tomy  frleodMr.  Sveu  Soderberg,  of  Lund.  CtI.)C^q[c 
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Pig.  8  shows  us  a  i>ouiard  of  bronze  deposited  iu  tbe  luoseum  at 
Berlin,  tbe  iiomiuel  of  which  is  very  much  larger  thau  tbe  hilt.  The 
pommel,  not  round,  but  elongated,  is  of  ivory;  the  rest  of  &  dark  sub- 
stance (bom  or  rhinocerous  bide),  fastened  with  large  rivets  iucnisted 
with  gold. 

Sometimes  tbe  whole  hilt  is  of  metal,  as  in  the  case  of  one  ot  the 
poulards  found  in  the  tomb  of  Queen  A'hbotep  (Fig.  IS),  the  blade  bung 
of  bronze  tbe  hilt  of  gold.  Yet  mare  precious  is  the  hilt  of  tbe  oUi« 
poniard  discovered  in  the  same  tomb  (Fig.  15).  Tbe  moral  paintings  (rf 
the  tomb  of  King  Barneses  III  at  Thebes  represent  a  number  of  arms, 
among  others  long  poniards  with  double  blades,  as  in  Fig.  20.  The 
blades  of  some  are  painted  red,  others  blue  or  green." 

The  liilts  of  these  arms  are  yellow;  probably  they  were  madeof  gtM 
or  were  gilded,  An  arm  of  similar  form  (Fig.  19),  which  must  have  been 
of  bronze,  since  it  is  painted  red,  is  seen  iu  another  mural  piotore. 

Besides  these  poniards  with  double  edges,  a  kind  of  long  knife  ot 
short  sword  with  one  edge  was  employed  in  Bgypt.  On  theTbebu 
bas-ielief.  King  Barneses  II  wears  an  arm  of  this  form,  and  the  god 
Ammon  is  quite  often  represented  with  a  like  arm  in  his  band.  A  bas- 
relief  in  a  temple  at  Ibsambul,  iu  Nubia,  shows  us  Ammou  and  King 
Bameses  III,  the  latter  raising  bis  hand  to  Btrike  a  multitude  of  v«i- 
guisbed  enemies.  In  the  hand  of  tbe  god  thu  arm  reproduced  in  Fig.  13 
is  seen.  It  is  painted  red,  and  must  oousequeutly  have  been  of  brtHue. 
Among  tbe  arms  of  mural  paintings  already  mentioned  in  tbe  tomb  of 
Barneses  III  are  several  of  this  character,  a  few  even  carved  (Fig.  6), 
but  they  are  all  blue,  and  consequently  were  of  iron. 

The  maseum  of  the  Louvre  possesses  an  arm  in  bronze  of  this  type 
(Fig.  14).  The  blade  and  tbe  hilt  are  fused  iu  one  piece;  the  hilt,  wbicdk 
ends  on  tbe  reverse  side  iu  a  little  eye,  is  ornamented  with  a  dog  veo' 
well  modeled ;  on  the  blade  is  seen  a  legend  iu  hieroglyphios. 

Egyptian  monuments  very  often  represent  poniards  rather  long  (Pig. 
20),  but  veritable  swords  are  not  seen  during  the  period  we  haveander 
consideration.  Neither,  as  I  am  aware,  has  the  discovery  of  a  real 
swordin  bronze  been  made  in  Egypt.  It  is  true  that  in  the  magoifioent 
collection  of  Mr.  John  Evans,  at  Nash  Mill,  is  deposited  a  broan 
sword  which  was  discovered  at  Kawtara  during  the  construction  of  the 
Suez  canal,  and  consequently  near  the  frontier.  It  is  very  unoertaii 
therefore,  whether  it  can  be  called  Egyptian,  at  least  considering  that 
itiathe  sole  one  of  its  kind.  The  blade,  43  centimeters  long,  ends 
above  in  a  tongue  slight  and  curved  forward  in  the  form  of  a  hook ;  at; 
tbe  base  of  tbe  blade  are  two  rivet  hole8.t 

The  Berlin  museum  likewise  possesses  a  bronze  sword  which  ii  [ 
reputed  to  have  been  discovered  in  Lower  Egypt.}    But  this  iodicatioa 

'RoaelliDi,  Mooniuenti  Civili,  I'l.  lil. 

tEvKDs.     rh«  unciflii brome  implemeKia  of  (ireal  Britain,  p.  29^, 

t  BuUan  aod  Vom.  Z>et  BnmadiaKrier  In  K.  ifaMMM  «  5«rUii,  PI.  xvi,  Ftt  A  , 
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is  tiureliable,  and  so  much  tbe  less  probable,  iaasmacli  tis  tbe  blade  iu 
nowise  recrtlls  Egyptian  poniarda,  but,  on  the  contrary,  reBemblea  many 
Garopean  sworda  of  bronze, 

"Hie  Egyptians,  like  otber  oattoDB,  made  use  of  lances.  On  Egyptian 
nioaameuts  these  arms  are  sometiines  seen  provided  with  very  short 
bandies.* 

Bronze  barbs  are  also  foand,  but  not  in  large  nambers,  in  tbe  collec- 
tion of  Egyptian  antiquities.  One  of  these  is  exhibited  in  Fig.  41 ;  the 
lODg  socket  is  formed  by  a  fold  so  that  a  lengthy  fissure  is  seen.t 

Bronze  lances,  the  sockets  of  vhich  are  formed  in  this  primitiTe 
manner,  have  not  only  been  discovered  in  Egypt,  but  also  in  Gypraa 
mi  Greece.  Some  of  the  lance  points  of  Egyptian  bronze  have  a  very 
narrow  barb,  others  are  of  greater  width.} 

As  innninerable  representations  demonstrate,  the  bow  played  a 
prominent  role  among  the  Egyptians,  both  in  war  and  in  tie  chase. 
Conseqaently,  a  large  quantity  of  arrow  points  of  bronze  have  beou 
foand.  A  goodly  number  of  them  have  a  stalk,  by  means  of  which 
tbey  are  attached  tochestafi'(Fig.23).  They  are  often  also  ornamented 
with  two  long  projectio  us  from  the  barb  (Fig.  24).  Others  are  pro- 
vided with  a  socket  (Fig.  22).  Sometimes  the  sockets  of  tlie  arrows  (Fig. 
21)  are  formed  by  folding  back  Che  edges  of  tbe  lower  portion ;  that  is, 
ID  tbe  same  ina  nner  as  io  tbe  cases  of  the  sockets  for  the  lance  barbs. 
A  large  proiKtrtiou  of  Egyptian  arrow  points  are  made  with  three 
sbarp  edges.  Such  barbs  are  frequent  iu  western  Asia  and  Greece, 
where  they  belong  to  epochs  comparatively  recent. 

Sometimes  opon  Egyptian  monuments  the  arrow  points  have  a 
^ansversal  edge  (Fig.  26),  tbe  red  color  of  which  makes  as  apprehend 
tJiey  were  of  bronze. 

Arrow  points  of  silex  with  a  transversal  edge  have  been  found  in 
^trypt  and  in  so  me  European  countries,  such  as  France  and  southern 
Sweden. 

Amongst  the  bronze  implements  it  is  necessary  to  remark,  besides 
the  axes  already  mentioned,  chiseU  (Pig.  39),  knives  (Pig.  42),t>aw8  (Fig. 
U),  drills,  awls  (Fig.  46),  small  pincers,  hooks  (Fig.  4.5),  etc.  A  large 
nomber  of  them  bavestillretained  their  handles  of  wood  or  horn.    Just 

'Pon-ot  and  Chipiez.  Oavr.  d(.,  vol.  I,  Fig.  173.  Comp.  WilkinMD,  Manneri  and 
Catlowtt.  p.  !£>!.  The  points  an  often  painted  red,  aad  oouaeqaeotlf  were  of  bronie. 
I^paina,  L«s  U^laiu),  PI.  II,  Fige.  4.BDd  12. 

'The  orii;iQftl  of  Fig.41be1nDgs  to  the  maaenm  mt  Boalaq.  The  rent  is  not  odI;  to 
■e  aeen  upon  the  sookst  part,  which  is  betow  the  oomineooemeDt  of  the  blade,  liot 
itokboTe  it.  ABimilarlkDoe  point  of  Tbebko  bronze  fotma  a  part  of  tho  collection 
4  Hr.  Greenwell  at  Darhaui.  Compare,  MioMnrtt  d«  la  SocUli  TOi/ale  del  Antiquairet 
!■  Sard.     1H73-74,  p.  las,  Fig.  3. 

IThe  Lonvro  posmeses  an  Egyptian  lauue  point  of  bronze,  the  blade  of  which  is 
wt  eo  narrow  na  (hat  in  Fig.  41,  nor  of  uu  eijual  width.  Still  wider  is  a  lauce  point 
thicfa  belongs  to  the  Borlin  Hnseuin  (Wilkinson,  UaJiimii  and  Ctttont,  vol.  i,  p. 
•12.  Fig.  340).  A  lance  point  with  a  blade  of  auueual  length,  wide  M  bottom,  but 
larrow  »t  the  top,  is  represented  iii  the  work  last,  cited,  vol.  i,  p,  406.         -.  . 

U.  Mis.  129 33  .C.OOgIC 
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as  upon  the  axen  and  poniards,  are  ofteu  seen  upon  tbese  iiupleiDeiita— 
either  on  the  baudle  or  the  bronze  itself — a  legend  in  hieroglyphics. 

The  majority  of  the  impleuieota  which  we  have  jnst  cited  are  alao 
represented  on  Egyptian  monnments,  and  are  there  asnally  punted 
red*  (Figa.  38  and  44).  Sickles  and  needles  were  also  nude  of  brome; 
likewise  mirrors,  Htrings  for  musical  iuatrumeuts  resembling  harps,  not 
to  cite  other  cxamples.i  The  mirrors,  which  are  ronud  slabs  or  plates, 
with  handles,  resemble  those  with  which  we  are  acqoiuated  from 
Gstrnsoan  tomtw. 

We  possess  as  yet  very  few  Egyptian  brooses  of  a  well  determined 
age,  and  these  date  almost  all  from  ages  immediately  bordering  on  the 
epouh  when  they  had  began  to  use  iron.  Now  we  can  not  respond  as 
coinidetely  as  we  would  wish  to  this  important  question.  What  fonas 
are  characteristic  to  each  period  of  the  Egyptian  age  of  bronze  1 

It  is  only  very  soldom — as,  for  instance,  when  hilts  of  poniards  (Figs. 
9-11),  or  handles  of  axes  (Fig8.30-33)  are  reterred  to — that  wecau  follov 
the  typologio  development.  Meanwhile  that  which  we  know  alreadyis 
very  iiiterestjng.  The  discovery  of  the  tomb  of  Queen  A'hhotep  proves 
that  poniards  of  the  type  of  Fig.  11  are  a  little  anterior  to  the  year  1600 
B.  a 

As  a  consequence  the  types  (Figs.  9  and  10)  belong  to  a  more  remote 
era.}:  This  is  confirmed  by  the  fact  that  the  original  of  Fig.  9  wh 
discovered  in  the  same  lomb  as  the  ax  repre6ente<l  by  Fig.  33. 

Thi»tomb  ouf^tit  to  dutelrom  tbeyear20C>0B.  cor  thereaboots, siitn  '. 
the  axes  similar  to  Fig.  15,  as  we  have  seen,  are  represented  upon  Uw 
monuments  of  tho  twelA,h  dynasty,  reigning  at  that  period.  Too  few  i 
Eiiyptian  bronzes  of  the  epoch  we  are  exainiuiug  have  been  autil  now 
chemically  investigated.  We  can,  however,  discover  that  the  luvose 
then  employed  in  Egypt,  as  that  used  in  Europe  during  the  age  of 
bronze,  was  an  alloy  of  copper  and  tin,  probably  without  the  ioteotioBa- 
addition  of  lead,  zinc,  or  other  metal.  § 

An  Egyptian  poniard  analyzed  by  Vanquelin,  containing  85  puts  to 
100  of  copper,  14  parts  to  100  of  tin,  aud  1  part  to  100  of  iron,  or  o< 
other  metals.  || 

Other  arms  of  Egyptian  bronze  are  composed  of  91  parts  to  100  of  cop- 
per, 6.0  parts  to  100  of  tin,  and  0.1  iiart  to  lOO  of  iron.^l 

According  to  Wilkinson  **  the  proportion  of  tin  in  almost  nil  Egyptian 
bronzes  analyzed  up  to  the  present  time  is  about  I'i  parts  to  100. 

'Lepsiiis.  Let  M^Uaiue,P\.  ii.  Fig.  19,  of  tbeiame  plate  proves  lliur  Liiuoce  knire* 
irere  kiM  used  for  shavin((  off  the  Luir. 

(LepsiuB.   Let  M^tcaux,P\.  n.  Fig.  1^  {sickle},  Fig.  20  (mirror), aixl  Fig. -22  <k«rp). 

t  D'ArliftQMi.     Account  of  releanhce,  \t.  183. 

f  lu  more  recent  Egyptian  broiizra  we  ofleD  nieel  iriili  Ic.i.I,  ;iuil  pvrbapa  lioc 
Bilira.    Die  Bronien  dei'  alien  uird  alleilea  Vflter,  ,  p  U4. 

I  BibTO.     Die  BramtB.  p.  94. 

II  Birtish  Museam.      J  ^nids  to  fAe  f^^pltaaroom*  (Luudun  IS7U),  |i.  40. 
*'  Maimen  and  Cuitomi,  vol.  iii.    Thu  speoial  aualyaeg  upoa  ivhioh  tbla  dfttUK  w 

b>je«t  oro  not,  bnwerer,  qaot«d. 
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TheEgyptiaDS  uere  forced  to  import  the  tin  necessary  for  tlieir  io 
(Instriee,  nntl  this  was  certainly  an  enormous  quantity.  They  probably 
bad  reoonrse  to  Asia,  for  tliis  preoiona  metal,  even  more  indistieiieable 
in  Antiquity  than  in  our  own  days.*  Copper,  on  the  other  hand,  was 
common,  if  not  in  their  own  country,  at  least  in  the  immediate  vicinity. 
The  peninsula  of  Sinai  itossesses  oonsiderablo  mines,  mining  operations 
in  whiob  began  at  a  |>eriod  very  remote. 

*  EriuftD.     ^fpten,  p.  613. 


iiizedbv  Google 


DESCRIPTIONS  OF  THE  PLATE8. 

Pi-»Tit  I. 

Fig.  1.  Eron):e  ponikH;   liilt   of  wood  and   bronzed).*     Miweiiiu  of  the  Itmtn, 
(LiudeDacfamit;   Jllherlhutrkater  uiutrtr  Btidtntelit*    VoTirH,  'i,  Xi.  PL  3. 

Fig.  1,) 
Fig.  a.  Bronie  poniard  J  hiltof  bronze,  wood,  and  ivory  (i),     Mnsenm  oftlicLonvn. 

(Lindenachmit;  AlUTthUmtr  %  XI,   V\.  »,  Fig.  U.) 
Fig.  3.  Bronze  poniard;  hilt  of  vood   aad  bronte  (i).     Museum   of   tbo  Lraire. 

(After  a  pbotograpb.) 
Fig.  4.  Bronie  poniard;  hilt  of  ivorj  and  bronie  {i).     Britinh  HaBeum.  iKcmbk, 

HorBrferala,  PI.  8,  Fig.  2.) 
Fig.  ■'i.  Bronze  poniard;  hiltof  bronzeaDd  wood  (i).   Turin  Huoeuui.   {Aflcrapboto- 

graph.) 
Fig.  ti.  Saber,  paint«d  blue ;  mnral  painting  on  the  lomb  of  Rauiews  IlI.aiTbebo. 

Reaeillnl   Jfoaiunli  ofrifi,   PI.   li\\  Lepsiua  In   Uilaax  daai  let  ino^ 

lioui  iggplimut*  PI.  i,  Fig.  d.) 
Fig.  T.  Bronze  knife.    Collection  of  Mr.  Greenivell  at  Durham,  England.    (Afteii 

design  executed  hy  Mr.  Soderberg.) 


*  Tbe  flgnres  iudicate  tba  relation  betneen  the  ubjeota  and  their   natural  kk.   II 
iswtraetimes  very  difficult  to  distiDgaiah  whether  tbe  handles  are  of  wood  or  Imm. 
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Platk  II. 

'oniard  (bronze) ;  Iiilt  of  bronze,  bom  (or  rbinnceros  biile),  and  iroT;(il- 
Bisrliu  MitHentn.  (Bosliaii  aud  Voss.  Die  BronrtaduetrUr  ^lo  BHifM'* 
Mviriini$  m  Berlin,  V\.  16,  Fig.  Sla.  CompareSlt  of  the  BSaie'.pltWabutb 
ofteatbir.) 

irnrize  poiiiunl ;  hilt  orbronte.  Ivory,  and  lioru  (i).  RritUb  Maacam.  (Km- 
ble,  Horrrftraki;  Pi.  7,  Fig.  3.) 

troiiz«  jioniard  ;  bilt  of  brotize  aud  boDe(l).  Collection  of  Ut.GreenvtllU 
Diirbulii.     (After  deaigu  execnted  by  Soderberg. ) 

Bronze  pooiard  ;  Uilt  of  bronze  nod  BJlver  (t).  Museum  at  Bonltq.  i^"" 
a  pbotograpb. ) 

Tbe  onme  poniard,  eide  vieir.  Perrott  and  Chipiez,  Hitlmn  it  Titi  iai 
CjBtiqitit^vol.i,  p.  830,  Fig,  Mi. 

Arm  paiiTted  red,  handle  yellow.  Teinpln  of  [bsambul  in  NabU,  in't" 
time  of  Rameses  III.  C  bam  poll  ion,  uonaineuU  egyptiens,  tdI.  1,  PI.  ll- 
Lnpsius,  Lee  Meiauz,  Pl.  3.  Fig. ». 

Large  IcoifB  of  bronze  (c.  \).    Louvre  UoMam.     (From  a  photograph.) 

•18 
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i^TR  in. 

Pig.  15.  Brnnze  poniard,  wood  hikI  precione  stonM  (i),  •««  tbe  detcription,  p.^i 

foniid  in  the  tomb  of  Qneei)  A'hbntnp.     Bonlaq  Haiienm.     (Front  ipboit- 

Rrapb.) 
Pig-  ll>.  DrooEti  poniard;  (i),     llritiah  Hiiteum.     (from  pbotOKrapb.) 
Fig.  IT.  Bruuze  poniard  ;  ( i).     Lower  portion  or  tlie  bilt  of  bollow  bronie,  upper 

portion  wanting.     lionliii]  MuHeiiui.     (From  aphotograpb.) 
Fig.  la  Bronze  poniard,  bilt  of  kciIiI  H).   found  in  tbn  coffin  of  Qae«n  i'fabotep. 

Boiilaq  HuMnm.    (From  ajihot^^apb.) 
Fig.  ID.  Pouinrd  painted  T«d,  the  biltyellow.   Moral  painting.   Lepsina,  £«i  if/li"' 

PI.  2,  Fig.  9. 
Fig.  'iO.  Long  poniard  painted  red,   bilt  ;etlow.     Hiiral  painting  on  the  lonli  "^ 

RaroesM  III  at  Tbebes  (fioBetiini,  MonuMMtH  ririli  >,  PI.  181.    L«pM>io 

£e«lf/fit>uP1.3,Fig.  1. 
Fig.  21.  Arrow  point  of  copper  (pnre)  (i).     Hritisb  Haaeum.     Kemble.  Hent frtliy 

PI. 6,  Pig.l. 
Fig.  S2.  Ariow  liorli  of  bron/e  (|V    Bonlaq  Hneeam.    (From  a  pbotogiapli-) 
Fig.  2:1.  Arrow  barb  i>f  bn>n7.e  (|).     Boiitaq  Museum.     (Prom  a  pbotograpfa.l 
Fig.  S4.  Arrow  barb  ofbrouxe  (]).     Boulaq  Museum.     (Prom  a  pboti^rsph.) 
Fig.  ^ri.  Arrow ;  barb  witb  a  trnDSvureal  Bbarp  edge,  painted  red.     Uafal  painliitf' 

Lepsiua,  La  MMavtx   PI.  3,  Fig.  12.  , 
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Platc  IV. 

Fig.  26.  Ax  of  gilt  broDie,  bilt,  wood  and  pKoiooB  atoneB  (i).    CofBn  ot  Qomd 

A'bboUp,  Boolaq  MaMom.     (from  aphotogrftpb.) 
Fig.  27.  R«veTM  of  Ibe  asme  ax.    (From  a  photograpb.) 
Fig.  its.  BroDM  ax  <}).    Boulaq  Haaenm.    (From  a  photograph). 
Fig.  29.  BrooM  ax  beariog  tbo  name  of  Thootmos  III,  the  bandle  of  wood  '.it- 
Bonlaq  MaMum.    (From  a  pbotograph.)  I 
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fL*TR   V. 

PigB.  30  and  31.  Axch.    Moral  paintingH  of  Ilie  sixth  dyoasl;.     Lepsinii,  DmImV 

am  .■Eggiiten  nniJ  jFthiopfH,  vol.  ll..  Pin.  121  aiiil  lOri. 
Kig.  :k.  Ax,  blade  pniu ted  jelloiv  (or  red).     Moral  |>aiDtiU|;of  the  tnelftb  dfntmr. 

(Lepsius,   DenltmilUr  vol.  II.  PI.  Ifil.      Lepiina,  La  Mela»c  PI.2,I'ig.tl 
riK- :».  Bronxeax;  thesiirfsceor  the  faanit]eortilTer(i).    British MnMno.   iri<« 

aphotograpli.) 
Fig.  34.  Bronze  ax  ;  pierced  through,  handle  »r  wood  (^1.     Rritiiih  Mnnpnni.   IFrM 

a  photograph.) 
Fig.  3r>.  Bronze  az ;  (}).    British  Hnsenm.     (Froni  a  photograpb.)  ' 

Fi([.  TIG.  Bronze  as ;  (c.  ()■     Unsenni  of  the  Louvre.     (From  a  photognipli.)  | 

Fig.  37,  Bronze  ax;  bearing  the  name  of  Tlioiitmiii  III;  handle  of  wand.     .!//■•<'« 

rfe  la  Socilet/rogal  da  AiitiqHarrin  rfn  Nonl.  ItffS-'JJ,  p.  12d,  Pig»  rn»pil'* 

IVont  view  of  the  blade. 
Fig.  ns.  Ax;  the  handle  painted  red.     Mural  painting.     Lepsitia,  La  Mfiam;  '^i 

Fig.  ir.. 
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Plate  TI. 

Fig.  39.  BraDMohiselsd),  liilt  bearing  tbe  name  ofThontniM  III,  of  iTood.   Botltq    i 

UaaeDm.     {Prooi  >  photograph.) 
Fig.  40.  Celt(o.  1).    Mnsenm  ol  tlie  Lourre.    (From  »  photogr»pb.)    The  Lejdn 

HaseiinipoMeMeak  eclC  of  bronce  of  theMmo  form. 
Fig.  41.  LADce  barb  of  bronie  {i).     BoiUm)  MoMam.     (From  a  photograph.) 
Fig.  42.  Bronze  knife  (c.  i).     Boiilaq  HnaeDoi.     (From  a  photograpb.)  | 

Fig.  43.  Bronze  saw  (}),  wooden  haudle.    Britiih  Uaieuio.    (From  a  pbolognpb.)  i 
Fig.  44.  Saw  painted  roi].    Uaral  pain  tine.    (Lepaina,  Lv»  Mitam,  PI.  3,  Fig.  II.)      I 
Fig.  45.  Bronze  flabhook  (1).     Bonlaq  Maseum.     (From  a  pbotognipb.) 
Fig.  46.  Bronze  awl  {i),  wooden  handle.     Biitiiih  Muaenin.     (From  a  photogra^-) 
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PBOOBB3S  OP  AOTHROPOLOGT  IN  1890. 


By  Prof.  Otis  T.  SIason. 


IMTBODUOTIOH. 

Id  the  preseDt  sammary  of  anthropology  i£  is  desigu^d  to  show  the 
pTogreas  of  the  scieoce  in  a  somewhat  elemeutary  uiaiiner,  io  order  to 
reach  a  larger  number  of  readers.  The  phrase,  "  natural  history  of 
man "  is  here  taken  to  mean  the  employment  of  the  apparatus,  pro- 
eeMes,  and  principles  of  natin  al  liistory  to  the  study  of  mankind.  This 
definition  will  be  snbject  to  constant  changes.  Just  as  soon  as  any  set 
or  phenomena  or  facts  coucerniiig  our  species  may  be  arranged,  classi- 
An),  and  studied  after  the  manner  of  the  naturalist,  only  then  should 
lliey  be  admitted  into  the  laboratory  of  anthropology. 

Ooce  admitted,  their  difficulties  will  not  cease.  In  order  to  keep 
I>Ke  with  other  uatnral  knowledge,  these  series  of  phenomena  or  facts 
must  ever  be  subjected  to  new  forms  of  scrutiny.  Botanists  and  zodl- 
ogiHts  are  constantly  inventing  better  apparatus  and  refining  their 
metbods,  and  furthermore,  each  department  ot  these  sciences  requires 
xpecinl  machinery  and  appliancies  to  perfect  the  delicacy  of  the  senses 
mil  to  enable  the  investigator  to  hold  large  masses  of  facts  before  bis 
niud  at  once. 

Anthropology  therefore  is  retjuired  to  be  a  most  vigorous  scieuce, 
kiepiug  pace  with  every  improvement  in  other  sciences,  both  general 
atiil  special,  nnd  refining  its  own  apparatus  and  methods  perpetually. 

The  summary  which  at  the  close  of  each  year  faithfully  chronicles 
llie  topics  discussed,  the  organized  means  of  research,  the  improvement 
in  apparatus  and  the  results  attained,  serves  as  a  historical  monument 
bjmeansof  which  future  students  may  trace  their  way  backward  in 
the  development  of  the  science. 

A  complete  syllabus  of  anthropology  would  include — first,  what  man 
i^and  second,  wliat  man  does.  What  man  is  may  be  denominated 
ttructaral  anthropology;  what  man  does, /unufioHa/anfArojtoIoi/y. 

Science  always  deals  with  phenomena,  and  the  name  of  eR<:h  science 
is  derived  from  the  things  observed  and  studied,    l-'or  instance,  we 
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mtiy  arrauge  the  various  parto  of  the  subject  under  couitidcratiou  in 
the  order  of  pheiiomeDn. 


-  All  njaakiDd  u  natDral  objecla Aniliropolngf.  | 

What  MOM  u — SlrHetiiral  antkropotogg. 

Tbe  embryo  of  mankind  aoil  lifn  of  the  iadividiial OotofeDf.  I 

Th«  body  of  mau  (apecific  and  comparative) Anatomy.  | 

Tbe  fanotionioF  the  body Physiology.  , 

Form  and  color,  weight  anil  aumber Autbropometrj'.  1 

The  norvons  eyatpm  in  relation  to  thonglit Pgy  oho -physics. 

Natural  divieioon  of  manbiod t^ihnology. 

Whatnuttt  does—  f'uHclional  avlhrnpotogti. 

To  exprMnn  bin  tfaoagbtH OloMology. 

To  supply  hie  wauts Technology. 

To  gratify  bis  desires Aesthetics. 

To  accoQDt  rorpbenomeDa Scieuce  and  phUnsopli]'.    | 

To  cooperate  iu  the  acliviriea  and  ends  of  lire Soi-iolofcy. 

Ill  preseaceof  a  spirit  world Tbe  science  of  religio*- 

Ttieptut  of  human  life  and  aclU>n$  U  ttudied—Scienot. 

(t)  In  things  decayed  or  diij:  from  tbe  earth Arcbn^logy. 

(3)  Id  tbe  decipherment  of  inscriptions I'aticograpby. 

(3)  Id  the  acts  and  sayings  of  the  unlettered Folk-lore. 

(4)  Id  nrilten  records History. 

Hcienoet  hrlpfml  to  aHthTOpology.  \ 

Todet«rmine  the  material  of  art- prod  nets Mineralogy.  ' 

To  fix  the  age  of  relics Geology. 

Id  BtndyiDg  tbe  mutual  eOects  of  man  iiuil  the  e^rlh  on  i 

each  other ••. Geogmpby. 

To  determine  man's  place  in  nature  and  his  aci|uniiitauco 

therewith Botany  and  zoulogy. 

It  will  t«adily  be  seeu  that  oue  u>aii  may  uot  be  profouudly  versfd  ; 
ill  aothropology,  but  everyone  who  reads  the  foregoiug  syllabus  uire-  I 
fully  will  at  a  glance  discover  that  there  is  aome  particular  branch  (rf 
tbe  subject  for  which  he  is  fitted  by  his  daily  or;rupatioua. 

Tbe  resources  already  iu  esiatenue  for  the  student,  both  general  &Bd 
special,  will  be  noted  in  tbe  proi>er  order.  Tbey  may  be  classified  as 
follows : 

(1)  Those  relating  to  tbe  subject  as  a  whole. 

(2)  The  resources  of  biological  studies. 

(^)  Psycho-physical  iuvestigations,  that  is,  the  study  of  psychology 
experimentally. 

(4)  The  races  of  men. 

(5)  Lauguage. 

(6)  Arts  aud  aruhxology. 

(7)  Sociology. 

(S)  Philosophy,  folk-lore,  aud  mythology. 
(9)  The  relation  of  nature,  lo  luiin. 
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I. — GENERAL  ANTHBOPOLUGY. 

It  mnst  be  remembered  in  this  counection  that  we  have  not  uow  to 
tftf  the  foQodatioQ  for  a  oew  scieoce,  but  to  bring  together  the  reeultH 
ofaD  exceedingly  vigoroua one.    The  resoarces  at  onr  command  are: 

(1)  Geoeral  treatittes,  like  Tyler's  "Anthropology,"  courses  of  lec- 
tures, encyclopaMlias,  and  classiflcations. 

(2)  Societies  with  their  published  proceedings  and  transactions  and 
]>eriodicals  devoted  entirely  to  the  study  of  man. 

(3)  Assemblies  and  congresses,  national  and  international,  with  their 
Compta-rendiu. 

(4)  Mnseame  and  collections,  public  and  private,  with  catalogaes  and 
books  of  instructions.    Expositions. 

(5)  Special  libmries  containing  both  literature  and  albums. 

(6)  Laboratories,  as  in  other  sciences,  for  inrestigation  both  in  struct- 
Dral  and  functional  anthropology. 

The  most  noteworthy  event  in  our  science  for  Americans,  was  the 
CoDgr^  International  des  Ara^ricanistes,  at  Paris.  At  this  meeting 
Ihe  ampte-rendu  of  the  seventh  session  held  in  Berlin  (1888)  was  pre- 
WDled.    The  list  of  papers  there  printed  is  as  follows : 

On  the  name  America,  Guide  Oora.  Basques,  Bretons,  and  Normans 
on  the  coast  of  North  America  in  the  beginning  of  the  sixteenth  cen- 
tury, M.  GafTarel.  Pablication  of  writings  and  documents  relative  to 
Golmubns  and  his  times,  ou  the  occasion  of  the  celcbratiou  of  the  fourth 
WDtenary  of  the  discovery  of  America,  Qnido  Cora.  Ensayo  bisti^rico  de 
Ulegislacion  primitiva  de  los  estados  espanoies  de  America,  M.  Fubi^, 
Bemerknngenznrmodernen  Litteratoriiberdie  Entdecknog  Amerikas, 
ll.G«lcicb.  On  the  Nabuatl  version  of  Sabagun's  Historia  de  la  Nueva 
KspaRa,  Daniel  G.  Brinton.  Arcbieology  of  Mexico  and  South  America, 
Dr.  Heger.  Colliers  de  pierre  de  Porto  Rico,  Jimenez  de  la  Espada.  An- 
tiqaitiee  of  the  Stale  of  Vera  Cruz,  Bermann  Strebel,  Arcibajological 
nsalt  of  a  voyage  to  Mexico,  Edward  Seler.  Origin,  working  hypoth- 
Mis,  and  primary  researches  of  the  Hemenway  Sontfawestero  Archteo- 
legical  Exposition,  F.  H.  Cnshing.  Antiquities  of  Nicaragua,  Charles 
Boraljas.  Aotiqnit^s  c^ramiques  de  llle  de  Mamjo;  snr  la  nephrite 
et  U  jadeite,  Ladislau  Netto.  Snr  la  provenance  de  la  nephrite  et  la 
jideite,  B.  Virchow,  Die  Verbreitung  der  Eskimo  SlSmmer,  n.  Rink. 
^  Ast«c8  and  their  probable  relations  to  the  Pueblo  Indians  of  New 
Hetico,  8.  B.  Evans.  De  I'emploi  de  la  coca  dans  les  pays  sept«utrio- 
Bani  de  TAmerique  du  Bnd,  A.  Ernst.  Die  Bekleidnng  eines  reichen 
Ooajiio  Indianers,  C.  M.  Pleyte.  Snr  la  craniologie  am^ricatne,  B. 
Virchow.  An  anatomical  characteristic  of  the  hyoid  bone  of  the  pre- 
Colnubian  Pueblo  Indians,  Arizona,  Drs.  Wortman  and  Ten  Kate.  Die 
Vnge  nach  der  Einbeitoder  Vielheit  der  amerikanlschen  Eingeboreneu- 
n*K  gepriift  an  der  Untersuchung  ihrt^H  H^iarwucliHes,  Gn-itav  Prirsch. 
iKe  Chronologic  des  diluvialeu  Meoscheu  iu  Nordamerika,  £)mil 
H.  Mis.  129 34  CtOO^^Ic 
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Sclnuidt.  Vestiges  Uias^s  par  les  popalatioDa  pr^-ColotnbieDDes  de 
Kiearugna,  D^sii^  Pcctor.  f^ber  alt-peraaDische  Hansthiere,  Dr.  Seh- 
riDg.  Die  Nntzpflauzeu  d«r  alten  P«ruaiier,  L.  Wittmack.  DiriUoe 
morale  iiel  Messico  autico,  Vincenzo  Orossi.  La  cremanone  in  Ame- 
rica pritoa  e  dopo  Crtstol'uro  Colombo,  Grossi.  Aiuhropologie  des  pen- 
pies  d'Auahaac  an  temps  de  Gortez,  B.  HartinaDD.  Was  America  peo. 
pled  froDi  Poljuet'ial  HoratioBale.  C:tadeEiirlalaugneHaiD,)eCointe 
de  Clinrencey.  Textes,  aualyses  et  vocabulaire  de  la  laugae  Timocua, 
Kuoul  de  la  Grasserie.  De  la  faniille  llngui^tiqae  Fano,  id.  The  histor- 
ical iircliives  of  tlie  Bemeuway  South  western  Archieological  fizpeditioo, 
Adolf  BaDdelier.  Snr  le  debris  de  cuisiue  (Sambaquis)  da  Brfeil,  H. 
MUller.  Das  VerbtiltDisszwiscfaen  dem  Eetscbna  uiid  Aimarfiid.  Sufj 
une  aDclenne  carte  de  I'AnK^riqae,  M.Gaffarel.  VerwandtschnfleH  nDdj 
WanderaDgeu  dea  Tscbebtscha,  Max  U ble.  Trois  families  lingaietiqDtsi 
des  bassiiisde  I'Amazoueetdel'OreDnque,  Lucien  Adam.  Bibliographic 
desr^centescoiiquetesdelalinguistiqneBad-aiii^ricaiue,  Lacieu  Adam. 
Das  Tooalamatl  der  Aabio'scbcD  SammluDg  unci  die  Vervrandten 
Kalenderbiicber,  Ednard  Seler.  Die  EDtziffemugder  Maja  Hand- 
schriftcn,  E.  Forstemaon.  Classification  cbroDologique  des  monnmenta 
arcbttectoiiiquesde  I'aDciea  P^roii,Ferdioaud  Boraari.  ContribotioDl 
I'am^ricatjisme  du  Caaca  (Colombie),  L^on  Doaay.  LingQiatiqiM  del 
l>euples  qui  babitent  le  centre  de  I'AtD^rique  du  Sad,  tod  den  StetoeoJ 
Figares  p^raviennes  en  argeiit,  Liiders. 

Tbe  Section  of  Anthropology  in  the  American  Association  for  da 
Advancement  of  Scieuce  bad  for  its  presiding  ofBcer  Dr.  Frank  Btlm 
the  director  of  tbe  National  Zoological  Park.  His  address  vill  Im  m 
ticcd  in  tbe  chapter  on  Biology.  Tbe  folloving  are  tbe  titles  of  impop 
tant  papers  rcud :  Indian  origin  of  maple  aogiir,  H.  W.  Hensbav; 
Fort  Ancient,  W.  K.  Moorehead ;  Aboriginal  stone  implements  of  tU 
Potomac  Valley,  W.  H.  Holmea ;  .Earth  work  near  Posters,  Little  Miaoj 
Valley,  Ohio,  F.  W.  Pntnam ;  Brains  and  niedisected  head  of  man  *at 
chimpanzee,  Burt  G.  Wilder;  Gold  beads  of  Indian  manufacture  froM 
Florida  and  Kew  Jersey,  C.  C.  Abott;  A  study  in  mental  statistics, i 
Jastrow;  Arts  of  modern  savages  for  interpreting  archsolog^,  U.  T 
Mason ;  Relation  of  mind  to  its  physical  basis,  E.  D.  Cope ;  AneieS 
hearth  in  the  Little  Miami  Valley,  F.  W.  Pntnam;  Evolntioo  oft 
sect,  Anita  N.  McGce. 

Tbe  sixtieth  meeting  of  the  British  Association  for  tbe  AdvaDoemm 
of  Science  was  held  in  Leeds,  September  3-13.  Tbe  vice  preeidentta 
address  of  Mr.  John  Evans  was  devoted  mainly  to  this  qnestioQ :  VfhH 
is  tbe  antiquity  of  the  human  race,  or,  rather,  what  is  tlie  aotiqaity  0 
the  earliest  objects  hitherto  found  which  can  with  safety  be  acsignei 
to  the  handiwork  of  man  1  As  regards  Tertiary  man  there  are  Uum 
classeaof  evidence,  to  wit:  (I)  the  presumed  discovery  of  parts  of  tk4 
human  skeleton  ;  (2)  that  of  animal  bones  said  to  have  been  cut  »ai 
worked  by  tbe  band  of  man :  and  (3)  that  of  fiiata  thoaght  to  be  aiti 
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flcially  fashiODfld  (J.  Anthrop.  Inst.,  xil,  365 ;  Tr.  Htrtsfonl  Hat..  Hist 
Soc.,  I,  545).  lo  summiug  up  tlie  evidence,  Dr.  Evnns  says  tbaC  the 
present  venlict  as  to  Tertiary  man  inu»t  be  in  the  form  of  "  not  proven." 
The  Utter  part  of  tlie  address  is  devoted  to  tbe  question  of  the  Aryan 
laD^a^rennd  tbe  Ar.van  race  and  to  tbu  improved  reaonroes  of  antbro- 
iwlogical  study.  Papers  were  read  u|»on  the  following  topics:  Hered- 
itism,  F.  O.  Morris ;  Religion  of  the  AuHtniliau  aborigines,  J.  W.  Faw- 
cett;  The  present  aspect  of  the  jade  question,  F.  W.  Kiuller^  Is  thi-re 
a  break  in  mental  evolution  I  LadyWelby;  Unidentified  i>eoples  in 
Britain  in  pre-Konian  times,  l>r.  Ph^n4 ;  Yourouks  of  Asia  Minor,  T. 
Bent;  Aryan  cradle  land,  J.  Stuart  Glennie ;  Reversions,  Nina  Layai-d ; 
Physical  ilevelopmeot,  G.  W.  Bambleton;  Arcbieological  remains 
bearing  on  tbe  origin  of  the  Anglo-Saxons  in  England,  Dr.  Unnro; 
Dnggleby  "Howe,"  E.  Manre  Cole;  Romano-British  graveyard  in  Wet- 
vaDg'With-Fimber,  J.  R.  Mortimer;  Minnto  neolithic  implements,  B. 
C.  March ;  Retrogression  in  prehistoric  civilization  in  Thames  Valley, 
H.  Stopes;  Boring  of  stoue  hammers,  W,  Home;  Stetbograpbic  trac- 
ings of  male  and  female  respiratory  movements,  Wilberforce  Smith; 
HumaD  remains  at  Wuodyates,  Wittshire,  J.  G.  Garson;  Old  and 
modem  excavations  of  the  Wandsdyke  at  Woodyates,  Gen.  Pitt 
Bivers. 

Tbe  British  Association  committees  form  an  active*  part  of  the 
general  meetings.  Upon  antbropological  subjects  were  the  Report 
upon  tbe  new  edition  of  the  little  handbook  for  collectors  entitled 
Itotes  and  Qneries;  Report  of  the  committee  on  anthropometric 
laboratory;  Od  prehistoric  inhabitants  of  Britain;  On  nomad  tribes 
of  Asia  Minor;  On  northwestern  tribes  of  Canada;  On  India.  The 
British  Association  for  the  Advancemeut  of  Science,  cooperating  with 
tbe  Anthropological  lustitnte  of  London,  organized  a  lecture  course  on 
anthropology,  differing  from  the  Paris  course  not  only  in  being  less 
technical,  but  also  in  the  repetition  of  the  lectures  before  institutions 
»id  before  the  public  in  various  cities  throughout  tbe  United  Kingdom. 
Tbe  series  was  as  follows : 

(1)  Physical  anthropology.     By  Dr.  Garson. 

(2)  The  geological  history  of  roan.     By  F.  W,  Rudler. 

(3)  Prehistoric  dwellings,    tombs,  and  monuments.     By  A.  L. 
Lewis. 

(4)  Development  of  tbe  arts  of  life.    By  Henry  Balfour. 
(6)  Social  institutions.    By  E,  W.  Brabrook. 

(6)  Anthropometry.  By  G.  W.  Bloxam. 
During  the  current  year  the  beneficent  results  of  the  Paris  Exposition 
began  to  appear,  especially  in  the  form  of  reports  on  llio  various  con- 
gresses. Of  the  tenth  session  of  Congr6s  international  d'Anthropologie 
ft  d'Arch^ologie  pr^historiques,  M.  Hamy,  Membre  de  I'iustitnt,  and 
general  secretary  of  (be  congress,  prepared  tbe  Compte  Rendu,  a 
pamphlet  of  4d  pages.    Tbe  French  Association  for  thu  Advancement 
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of  ScieDcu  met  darioff  the  curreDt  year  at  Limoges,  August  7-16.  In 
lliJs  RssociutioD  IB  a  BectioD  devoted  exclDsively  to  anthropolc^cal 
subjeclti. 

Tbe  tweoty-Srst  meetrnir  of  the  0«rman  Anthropological  Assodatioii    I 
was  held  at  Munster,  Westphalia,  August  11-15.     At  each  one  of  these    ' 
annual   meetings  it  is  customary   to  explore  thoroughly  the  anthro- 
pological reaonrc«B  of  the  region.     Professor  Hosius  this  year  read  a 
paper  ou  the  geognostio  strovturo  of  Westphalia,  the  prehistoric  sta- 
tions and  the  remains  of  quaternary  animals  found  there,  and  ProfesBor    ; 
NordholT  folio  we 'l  op  this  communication  with  one  apon  thennuand 
the  weapons  found  in  this  state.  ! 

TheGermau  Association  of  Naturalists  and  physicians  ( Versammlang 
dentscber  Naturforscher  und  Aert^te)  must  not  be  confounded  with 
the  General  Anthropological  Society  of  the  empire  and  Austria.  Tlie 
first  named  iield  its  sixty-third  meeting  in  Breipen,  15-20th  Septemher.  | 

The  BusBJan  Association  of  Xaturalists  and  physicians  held  its  | 
eighth  meeting  in  St.  Petersburg,  January  3-19.  In  the  70  eeasions  ! 
2,^0  took  part  and  over  4U0  commnoicatioas  wore  made.  One  of  the  I 
t«n  sections  was  deroted  to  geography,  ethnography,  and  anthropol<^-  i 
The  subjects  discussed  were,  migrations,  history  of  primitive  caltnre, 
anthropometry,  local  archieology,  and  the  ethnography  of  Rasda. 
Upon  this  last  point  the  opportunities  of  study  are  unparalleled  aad  i 
the  Russian  ethnographers  have  not  failed  to  make  use  of  them. 

There  is  no  better  illustration  of  the  rapidity  with  which  the  Hciena  | 
of  anthroi^ology  has  asserted  itself  than  the  museode  l»  Plata,  asketdi  i 
of  which  Is  here  given  (Plate  I).  The  capital  of  the  province  of  Bneme  : 
Ayres,  the  city  of  La  Plata,  was  founded  in  18S2,  to  replace  as  a  seat  of  j 
provincial  authority  the  city  of  Bnenos  Ayrea  declared  in  1880  to  be  tbe  j 
capital  of  the  republic.  In  the  brief  space  of  time  iut«r\'eniog,  DDder  tlie  j 
energetic  managcmeut  of  Signor  Francisco  P.  Moreno,  a  folly  equipped  : 
museum  is  completed.  The  anthropological  portion  owes  its  exist«nee  I 
almost  entirely  to  the  director.  It  is  especially  rich  in  material  illw 
tratiug  the  aboriginal  life  of  the  i-epublic,  (Plate  II. — Gronnd-plao  of ' 
Museum.) 

In  the  summary  of  last  year  a  brief  account  was  given  of  the  manner . 
in  which  the  science  of  man  is  covered  in  the  institutions  of  Paris. 
Dr.  BophuB  Miillcr  contributes  the  following  list  for  Copenhagen: 

(1)  Boyal  Museum  of  Northern  Antiquities.  Devoted  to  early  Den- 
mark, including  tlie  stone,  the  bronze,  the  iron,  and  the  historic  iteriod, 
until  1G60. 

(2)  The  Folk  Museum,  general  historic  museum,  from  1660  to  ISOa 
Will  be  united  with  the  Museum  of  Northern  Antiquities  uniier  one 
direction  in  a  new  building. 

(3)  BoseuburgCastle,  the  collections  to  illustrate  the  life  and  histoi; 
of  tlie  present  dynasty. 

(-<)  The  Fredericksburg  Uastle  Oollectiou,  general  Danish  Iiistor; 
from  1000-1800.  CtOC^qIc 
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(5)  A  new  moseam  for  medisval  and  mf>derD  times  iu  other  coun- 
tries of  Europe. 

(6)  Ktbnographic  Maseatn,  arranged  to  sbow  the  civilizations  of  the 
morld  by  tribes.  This  was  probably  the  first  collection  iu  Kurope  to 
be  laid  oat  apon  a  strictly  ethDogrsphic  batiis. 

(7)  Boynl  Unseum  of  classic  antiquities  in  Prinzena  Palais. 

(8)  Royal  collection  of  coins  in  Prinzens  Palais. 

ifo  DientioD  is  made  here  of  the  royal  galleries  of  art  nor  of  the  col- 
lection of  crania  anil  skelftous  in  the  Zoological  Muxemn.  The  visitor 
to  Copenhagen  never  fails  to  spend  a  day  in  the  Thorwalsden  Maseuin, 
into  wbicli  the  affectionate  esteem  of  his  fellow  citizens  has  gathered 
Uie  works  of  the  great  scniptor  and  his  personal  effects  and  displayed 
them  most  attractively. 

A  work  of  primary  imporbiuce,  which  the  director  of  every  other 
anthropological  musenm  should  imitate  with  great  promptness  and  care, 
is  Dr.  Hamy's  volume  entitled  Origines  du  Mus^e  d'Ethnographie  du 
Trocadero,  Paris.  The  first  exotic  presents  known  to  have  come  to 
France  were  the  gifts  of  Haroiin  al  Baschid  to  Charlemagne,  801  and 
807,  A.  D.  From  that  moment  to  the  present  all  sorts  of  treasures, 
gotten  in  many  ways,  have  been  in  the  charge  of  public  keepers.  The 
modem  museum  is  shown  by  this  volume  to  have  been  the  growth  of 
ages,  tbe  beginning  or  germ  being  the  curiosity  of  the  king  or  some  of 
the  nobility.  It  wonid  be  well  if  every  itn))ortant  museum  coald  have 
a  vfriome  of  history  like  Dr.  Hamy's  "  Origines." 

In  addition  to  a  thorough  history  of  each  public  musenm,  prepared 
liyitsown  aathonties,  the  exigencies  of  intercommunication  have  led 
to  tbe  fonnding  of  a  journal  for  museum  workers,  entitled,  Interna- 
twnata  ArckivfUr  Etknographie  (Leyden),  and  in  February,  appeared 
the  first  Dumber  of  the  Bulletin  des  Musses,  Parrs.  It  is  edited  by  Mr. 
Edward  Gamier  and  I4once  Benedite,  and  resembles  the  Berlin  "  Year 
Book  of  the  Royal  Prussian  Art  Collections,"  under  the  heading  of 
"Houvemont  des  Hns4es  it  gives  notes  on  other  national  galleries  and 
eollectioDS,  and  a  bibliography. 

The  standard  list  of  jonruals  remains  the  same.  No  anthropologist 
can  afford  to  neglect  tbe  following  list : 

The  Ameriean  Antkropologiat,  Waehingtou ;  Arokiv/ur  Antkropologie, 
Braunschweig ;  'Archivioper  PAntropologia,  Fireuze ;  BulUtint  de  la  So- 
title  ^Anthropohffie  de  Pari»;  Internationales  Archivfur  etknographie, 
Leyden ;  Journal  of  the  Anthropological  Inatitute  of  Great  Britain  and 
IreltMdj  London ;  V Antkropologie,  Paris ;  Mitthetlungen  der  Antkropolo- 
fiKken  QetelUehaft  in  Wien ;  Verhandlungen  der  Berliner  QeselUcka/t 
fiir  Antkropologie,  etc.,  Berlin;  Zeiteckri/t fUr  Etknologie,  by  the  same 
society. 

Journals  of  a  popular  character  which  can  not  be  neglected  are: 
Aeodemy,  London  j  The  American  Haluralist,  New  York  ;  Afhenaum, 
London ;  Autland,  Stuttgard ;  Nature,  Litndou ;  Popular  Science  Wontk^f 
Sew  York ;  Rirue  Sdentifique,  Paris ;  Science,  New  York.  ^  tOO^^IC 
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II. — BIOLOQICAL  ANTHROPOLIJQY. 

Tt)i8  eDonuous  subject,  coveriug  practically  the  wUolu  of  tbe  strnctaral 
part  of  aotliropology,  is  amply  represeuted  iu  a  few  pablicatiuns.  For 
titles  alone  the  Index  Medicus  and  the  Index  Catalogae  of  the  SnreeoD- 
Oeneral's  library  are  tbe  best  guidea  accessible  to  Americans. 

In  England  tbis  part  of  the  subject  is  most  elaborately  worked  oat 
in  the  biological  and  zoological  jonruals.  The  Paris  Bulkfins,  tlie 
Qerman  Arcliiv  and  Zeitschrift,  the  Italian  Archivio,  and  the  Anstnan 
Mitfheilungen,  tbongh  covering  the  entire  scieuce,  are  specialty  ricb 
and  full  in  biological  matters.  With  the  original  papen>,  aocoantsof 
meetings,  reviews  of  publications  and  bibliography  there  is  little  more 
to  be  desired  either  for  the  beginner  or  for  tlie  advanced  stadenL 

Dr.FrankBakerdevotedhiBvice-presidential  address  before  Section  H 
of  the  American  Association  to  the  organs  of  the  human  body  that  pobt 
to  a  past  condition  mnch  lower  than  the  present; — indications  of  the 
pathway  by  which  humanity  has  climbed  from  darkness  to  light,  (mm 
bestiality  to  civilization.  These  organs  are  of  two  kinds,  those  that 
added  or  improved  and  those  that  are  taken  away  or  atrophied.  Thoee 
specially  mentioned  are  connected  with  the  modifications  of  tbe  limbs, 
with  tbe  erect  posture,  and  with  the  segmentation  of  the  body. 

In  the  hand  the  eL>ecial  flexor  muscle  of  the  thumb  is  a  new  elemeot,  ' 
while  tbe  palmaris  lougus  is  in  the  category  of  disappearing  muscles. 
The  torsion  of  the  humerus  and  tbe  incurvation  of  its  trochlear  snrftn 
and  the  scapular  index  all  show  a  progressive  development  both  in  the  ' 
individual  and  in  the  race. 

The  palmar  fawia,  the  epitrochles-ancouens,  a  process  resembUng  the 
supra-condyloid  foramen  of  marsupials,  tbe  perforation  of  the  olecrauon 
fossa  remind  of  primitive  conditions.     While  the  region  of  the  hand  atnl 
fore  nrm  indicates  increase  of  specialization,  the  upper  part  of  the  limb 
generally  testifies  to  a  regression.    This  principle  isillustrate^l  by  ex*  | 
amples.    The  hind  limbs  of  apes  ascompared  with  the  huoian  legs  and  [ 
tbe  acquisition  of  the  erect  postare  are  closely  examined.     Upou  the  ' 
latter  point  Dr.  Baker  summarizes  the  evidences  that  the  adaptatioD  of 
man  to  the  erect  postnre  is  yet  far  from  complete. 

These  resemblances  with  anthropoid  apes  are  held  to  indicate  not 
lineal  descent,  but  common  ancestry,  and  the  differences  in  tbe  races  of 
mankind  do  not  justify  our  separating  them  on  structural  grounds. 

In  his  work  on  races  and  peoples  Dr.  Daniel  Q.  Briutou  summarixes 
the  physical  characteristics  used  iu  classification  of  mankind: 

SCIIKME  OK  I'KINCIPAI.  Phtsical  Elbmbntb. 

1  DolichucepUidiu loti^  HkalU, 

SknII <  Mesocephulic niecliuui  ekuUs. 

f  Brnchyceplialic broad  fikulls. 

(  Leptorhine narrow  oosen. 

Nose <  McHnrhine nipdiiim  iioHea. 

(  Plat.vrbiiiP dnt  or  broad 
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(  llefjaseme roiiD<1  eyeH. 

Eye« <  MeaoHeme mediuiu  eyes. 

(  Mioroneme oarrnw  ejes. 

i  OrlboKDOtbic BtrAJglitnr  verticul  Jaws. 

Jkwa i  Meaofciiathio medium  Jaws. 

/  Prottnutbic proJectiD;;  jbwb. 

(  ChnmEeprosopic Ion  or  broad  fftue. 

F*oe <  Meaoprmopio medium  face. 

<  Lutoprosopic narrow  or  bigbfaoe. 

(  Plntypellic   broad  pelvis. 

Pelvis <  Hesopellic tnedinin  pelvis. 

I  Leptopellic narrow  pelvis. 

On  the  13th  of  March  Mr.  J.  Yean  gives  in  Nature  the  resultd  of  a 
series  of  measurements  maile  upon  the  students  of  Cambridge  Uoiver- 
eity,  in  England.  The  following  queries  are  pnt,  according  to  Dr.  Gal- 
ton's  syBtem :  (1 )  The  distance  of  the  clearest  vision,  (2)  traction  upon 
the  dyaamometer,  (3)  force  of  pressure  by  the  hand,  (4)  volame  of  the 
Iirad,  (5)  capacity  of  pulmonary  inspiration,  (6)  stature,  (7)  weight  of 
the  body.  The  most  interesting  result  relates  to  the  head,  which  is 
fonml  to  be  larger  in  volume  in  the  better  students,  aud  in  all  classes 
to  increase  up  to  the  age  of  25.  Into  comparison  with  this  study  may 
be  brought  tbatof  Pauline  Taruowsky  upon  150  prostitutes,  100  female 
thieves,  100  peasants,  aod  50  women  of  cultaie: 
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The  vexed  question  at  this  moment  in  the  science  called  cHmiuology 
is  vhetber  there  i:i  nn  ensemble  of  ubiiracteristics  which  consign  their 
posHessor  to  a  life  of  crime,  or  which  may  be  used  to  distinguish  differ- 
ent sorts  of  crininals.  Id  some  form  the  Italian  school  arecommitted 
to  this  doctrine,  and  are  more  or  less  opposed  by  the  French  school. 

lu  IdSO  Dr.  N.  Anonttibine,  of  Moscow,  published  nn  elaborate  work 
on  mature  of  men  in  Russia  comi>ared  with  that  of  other  nations.  An 
excellent  sammary  of  this  monograph  is  given  in  L'Authropologie 
(1, 0^74),  with  chart  and  map.  Every  work  of  importance  on  human 
biology  is  noted  in  the  Index  Medicos,  published  by  Dr.  J.  S.  Billings 
and  Dr.  Kobert  Fletcher,  of  the  Surgeon-General's  Office,  in  Washing- 
Ion.  The  permanent  record  of  this  literature  in  to  be  found  in  the 
lodex  Catalogue  of  the  Surgeon- General's  Office.  Further  important 
*orks  are  the  following:  Anthropometric  Identiflcntion  of  Criminals, 
Bertillon;  Anthropometry,  Galton,  Hurd ;  Ascent  of  Man,  Baker; 
Cerebral  Convolutions,  Turner;  Chest  Development  in  Young  Persons, 
Berry;  ColorofSkin  in  Oriental  Races,  Beddoe:  Corsets,  Robin;  Croaa- 
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Infertility,  Oulick ;  EvoIatioD  and  Disease,  Sattoa;  EvolotionofSei, 
Ged<leB,  Rjdcr;  Oiants.  Laloy ;  Heredity,  HntcbinsoD,  Ia  Poage, 
Turner,  Weismann,  Thompson,  Stoller;  Hqdiui  Selectiou,  Wtllacc; 
Hypertrichosis,  Jaws  and  Teeth,  Talbot;  Longevity  and  Climate,  Be- 
niondino,  Humphrey ;  Olecranon  Perforation,  Lamb ;  One-sided  Ooca- 
pation,  MUlIer;  Orbitomaxillary  Snture,  Thoma;  Paternal  Impretssions, 
Bnllard  ;  Physi«al  Proportions, Greenleaf,  Bellary;  Pbysiological  Selec- 
tion, Bomanea;  Pbysiqaeof  Women,  Bowditob;  Pigment  in  theNegro, 
Uorisou }  Bight  bandedneas,  Baldwin;  Bnmination, Einborn;  Sex,  Wal 
lian:  Sliull  of  Charlotte  OordHy,  Topiuard,  Benedikt;  Tailed  Hen, 
Schaeffer ;  Teeth  of  Prehistoric  Skeletons,  Ward ;  Weight  of  the  Hnmao 
Body,  Banke. 

111. — PSTCHOLOaY. 

In  the  science  of  anthropology,  psychology  is  the  application  of  meu- 
aiea  to  the  activities  of  the  mind  through  its  matt-rial  agency,  the  brain 
and  the  nervous  system.  The  two  seta  of  phenomena,  those  of  the  noi- 
mal  roiod  and  healthy  brain  and  those  of  the  abnormal  mind,  are  io- 
eluded.  Tbe  former  find  their  able  organ  in  the  Avteriean  Journal  of 
Psychology,  Worcester,  Uaaeacfansetta,  and  the  latter  phenomena  are 
treated  in  the  jonmalsof  neorolog}'. 

Abroad  tbe  greatest  activity  prevails  in  this  department  of  researdL 
Wiindt's  Studien,  Duboia-Reymond'a  Archiv,  Pflii(rer*8  Archie,  most  of 
the  physiological  .journals.  Mind,  Brain,  and  even  tbe  ]>eriodicals  d^ 
voted  to  criminology,  must  be  consulted,  I 

The  American  Journal  of  Pgychology  famishes  (ni,  275-286)  a  report 
on  tbe  amountof  psychophysical  instruction  in  the  following  American 
institutions  of  higher  learning :  University  of  Wisconsin,  University  of 
Nebraska,  New  York  College  for  the  Training  of  Teachers,  Columbia 
College,  Harvard  University,  Yale  University,  Army  Medical  Maseam, 
University  of  Pennsylvania,  Indiana  University, Clark  Universi^,  aad 
University  of  Toronto.  In  each  case  tbe  instmctors'  names  are  given 
and  a  syllabus  of  the  instruction.  It  would  be  well  to  repeat  bere,did 
space  permit,  these  curricula,  to  mark  tbe  present  position  of  this  brandi 
of  anthropology.  It  will  sufBce  to  append  Dr.  J.  McK.  Cattell's  aoconot 
of  work  done  in  the  psychological  laboratory  of  tbe  University  of  Penn- 
sylvania. 

"  Special  courses  in  psychology  were  given  at  the  University  of  P«iq- 
sylvania  by  Professor  Fullertoo  and  Prof.  James  McEeen  CattelL  Pro- 
fessor Fullertou  delivered  two  courses — one  for  nndergradaates,  tbe 
other  for  graduate  students.  In  these  courses  special  stress  is  laid  on 
psychological  analysis  and  those  regions  of  psychology  which  border  on 
tbe  theory  of  knowledge.  Professor  Cattell  gave  three  courses  extend- 
ing through  the  year — an  introductory  course  in  experimental  psychol- 
ogy, a  course  beginning  with  the  special  study  of  some  psychologlal 
problem  and  taking  up  in  the  second  half  year  comparative,  socia],aDd 
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abDonual  poychology,  and  au  ad^aucml  course  in  physiological  and 
experimetttal  psychology.  TUese  coureea  include  eitlier  practical  work 
or  research  on  the  part  of  the  Btodeut.  A  lectarer  on  philosophy  and 
an  assistant  in  psychology  are  about  to  be  appointed,  and  additional 
cnarses  wilt  be  given  next  year. 

"lu  iiddition  to  these  special  courses,  physiological,  abnormal,  aod 
comparstive  psychology  may  be  stadied  in  the  medical  and  biological 
departments  of  the  university.  These  ara  probably  without  rival  in 
America,  and  ofler  complete  courses  of  lectures,  practical  work,  and 
clinics.  Psychology  borrows  from  and  lends  to  all  the  sciences.  Every 
one  of  the  large  number  of  advanced  courses  offered  by  the  university 
bears  some  relation  to  psychology,  and  may  prove  useful  to  the  stu 
dent.  The  asylams  and  hospitals  will  be  found  of  special  advautagt^  to 
the  student  of  |)8ychology. 

The  new  libmy  building  of  the  university  is  nearly  completed.  There 
is  a  special  endowment  for  the  purchase  of  philosophical  and  psycho- 
logical  books,  and  any  books  needed  by  students  for  special  work  will 
be  obtained.  The  university  press  is  about  to  begin  the  issue  of  a  series 
of  monographs  representing  work  done  in  the  fields  of  phUoeopby  and 
psychology.  The  first  Dumber,  no  w  in  press,  is  a  psychological  study 
on  "Sameness  and  Ideutity,"  by  Professor  Fullerton.  Following  this 
nnmber  will  be  aserios  of  researches  from  the  lalwratory  of  psychology 
and  an  editiou  of  Descarten' "  Meditations,"  with  Latin  and  English 
texts  and  philosophical  commentary." 

ProfesKor  Gattell  makes  the  foUowlug  rejiort  of  work  done  in  the 
psychological  laboratory.  "The  chief  work  before  experimental  psy- 
chology is  the  measurement  of  mental  processes.  As  experimental 
physics  is  devoted  to  the  measurement  of  time,  space,  and  mass  in  the 
material  world,  so  experimental  peychology  may  measure  time,  com- 
plexity, and  intensity  in  consciousness.  In  so  far  as  caues  are  investi- 
gated Id  which  one  mental  magnitude  is  the  functiou  of  another,  a 
mental  mechanics  is  developed. 

"The  laboratory  possesses  apparatus,  which  measures  mental  times 
conveniently  and  accurately.  This  apparatus  has  been  described  in 
Mind  (Xo.  12),  but  since  then  it  baa  been  improved.  The  chronoscope 
has  been  altered  and  a  new  regulator  made,  so  that  the  mean  variation 
of  the  apparatus  is  now  under  one-thousandth  of  a  secoud.  New 
pieces  have  been  built  for  the  production  of  sound,  light,  and  electric 
stimuli.  Apparatus  for  measuring  the  rate  of  movement  and  for  other 
parpoftes  have  been  added.  The  observer  is  placed  in  a  compartment 
separated  from  the  experimenter  and  measuring  apparatus.  With  this 
apparatus  researches  are  being  carried  out  in  several  directions.  Pro- 
fessor Dolley  is  measuring  the  rate  at  which  the  nervous  impulse  trav- 
els, uaiDg  two  different  methods.  In  one  series  of  experimenta  an 
electrical  stimnlna  is  applied  to  different  parts  of  the  body,  aiid  a  reac- 
tioD  is  made  either  with  the  band  or  foot    The  rate  of  traosmissiou  in 
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the  motor  and  seusory  trtKts  of  the  apiual  cord  has  thus  beeu  dete^ 
mined.  lu  a  secoad  series  of  ezperimenta  two  stimali  are  giren  Mdif- 
fereDt  parts  of  the  body,  and  the  interval  between  them  adjuat«d  nntil 
the  observer  seems  to  perceive  tbem  simaltsneoaaly.  It  is  tboaght 
that  those  experiments  will  throw  more  ligbt  on  haman  pb^rsiology 
than  csacs  in  which  the  nerve  (motor  only)  of  a  partly  dead  frog  is 
artificially  Btimutftted.  The  times  are  also  of  iuterest  to  psychology, 
as  they  are  needed  iu  order  to  determine  purely  mental  times.  Mr. 
Witmer  is  measuring  the  personal  difference  in  reaction-times,  and  the 
work  will  be  extended  to  different  mental  vtrottesses.  These  times  seem 
to  vary  with  age,  sex,  Nationality,  education  and  occupation,  and  their 
study  may  have  practical  value  as  well  aa  theoretic  interest  Length 
of  life  should  be  measured  by  rate  of  thought  Experiments  are  also 
being  made  on  the  variation  in  the  reaction-time  tmm  hour  to  honraiid 
day  to  day.  With  the  co-operation  of  Dr.  Weir  Mitchell  and  otlier 
eminent  neurologists  the  alteration  in  the  time  of  phyaiologicfd  proc- 
esses iu  diaeasea  of  the  uervoua  system  iabeingstadied.  It  is  believed 
that  snch  teats  may  be  of  use  in  diagnosis.  The  nervous  impulse  ma; 
be  aeut  through  the  syatem  in  different  direotioua  until  a  relative  delay 
diacuvera  the  diseased  part  Recovery  and  progression  may  be  studied 
by  noting  the  alteration  in  time. 

'*Owing  to  the  introdnctiou  of  cerebral  surgery  and  the  advances 
recently  made  in  the  treatment  of  diseases  of  the  nervous  system,  uy 
method  which  may  make  diaguoaia  more  exact  deserves  careful  stud;. 
In  addition  to  the  time  of  physiological  proceases  in  diseaac,  other  te«t8 
of  loss  of  sensation,  power  and  intelligence,  are  made  in  the  labora- 
tory. The  following  ten  teats  are  recommended;  the  methods,  et&, 
are  described  iu  an  article  now  in  press  for  Mnd;  (1)  Dynamometff 
pressure;  (2)  rate  of  movement;  (3)  sensation-areas;  (4)  pressure  caus- 
ing pniii;  (6)  least  noticeabledifferenceiu  weight;  (6)  reaction-time  for 
sound ;  (7)  time  for  naming  colors ;  (8)  bisection  of  60  centimeters  line; 
(d)  judgment  of  10  seconds  time;  (10)  number  of  letters  remembered 
on  hearing  once.  Theae  determinations  are  made  not  only  on  those 
who  are  suB'eriug  from  disease,  but  also  on  every  one  who  wishes  to 
be  tested,  it  is  hoped  that  the  same  tests  will  be  made  elsewhere,  se 
that  the  reaulta  of  a  large  number  of  obaervationa  may  be  comp.ired 
and  combined.  The  undergraduate  students  in  experimental  psycat> 
ogy  undertakes  a  course  of  laboratory  work  in  which  about  two  ha&- 
dred  testa  and  measurements  are  made.  It  is  hoped  that  when  a  8offi< 
cieut  mass  of  data  has  beeu  secured,  it  will  have  some  scientific  value* 
In  the  casca  of  two  of  the  teata  given  above,  the  rat«  of  movement 
and  the  pressure  causing  pain,  researches  are  being  carried  oat  in  tbe 
laboratory.  By  alteriug  the  distance  and  nature  of  the  movement,  ami 
the  point  of  the  body  to  which  the  pressure  causing  pain  ia  applied, 
new  quantitative  reaulta  are  oblaiued." 

Professor  Fullertou  ia  carrying  on  a  research  to  .determine  tbe  rata 
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atirhich  a  simple  sensation  fades  from  memory.  Astimnlusis  allowed 
lowork  OD  the  sense-orgaa  for  one  second,  and  after  an  interval  of  one 
Hecaud  astimulns  slightly  different  in  inteasity  is  given  for  one  second, 
and  the  least  noticeable  difference  in  iatoasity  is  determined  by  the 
metliod  of  right  and  wrong  cases.  The  interval  between  the  stimali  is 
tfaea  altered,  and  it  is  determined  how  mncn  greater  the  difference  be- 
tween the  Btimnii  mast  be  in  onter  that  it  may  be  noticeable.  The  rate 
of  forgetting  is  thus  measured  in  terms  of  the  stimulus.  Intervals  vary- 
ing from  one  second  to  three  minutes  have  been  used.  For  these  ex- 
peiiments  new  apparatus  was  constructed,  and  it  was  discovered  that 
when  sensations  of  light  are  excessive  nnd  Jast  for  oitc  second,  the  least 
DDtioeable  difference  in  intensity  is  not  about  one  uiie-hundredth,  as  is 
anpposed,  but  much  the  same  as  for  the  other  senses  under  like  condi- 
tions. Other  observations,  such  as  the  importance  of  keeping  the  time 
of  stinialation  constant,  the  stronger  stimulus  coming  before  or  after 
the  weaker,  the  degree  of  confidence,  the  personal  and  daily  variation, 
etc,  have  made  a  new  investigation  of  the  least  noticeable  difference 
inseosation  necessary.  This  is  at  present  in  progress,  while  further 
work  on  memory  must  wait  for  its  completion.  Mr.  DeBow  is  in  the 
meanwhile  making  experiments  determining  the  time  of  stimulation 
giving  the  greatest  accuracy  of  discrimination. 

The  rate,  extent,  and  force  of  movement  is  the  subject  of  a  somewhat 
extended  investigation,  which  will  not  be  completed  for  some  time. 
The  maximum  rate  of  movement  has  been  noticed  above.  Experiments 
on  the  mazimnm  pressure  have  been  published,  as  also  on  exteut  of 
right  and  left  handed  movements.  But  the  least  noticeable  difference 
ill  the  rate,  extent,  and  force  of  movement  has  never  been  studied  in 
the  same  way  as  the  least  noticeable  difference  in  passive  sensation. 
Tet  it  would  seem  to  need  such  study  even  more,  owing  to  the  impor- 
taaee  and  obscurity  of  the  "  sense  of  effort." 

The  laboratory  possesses  apparatus  for  studying  the  time,  intensity, 
and  area  of  stimulation  needed  to  produce  the  J  ust  noticeable  sensation 
and  a  given  amount  of  sensation.  These  mental  magnitudes  are  cor- 
related BO  that  one  may  be  treated  as  the  function  of  the  other.  The 
results  of  studying  the  relation  of  time  to  intensity  have  been  publiblied 
in  Brain  (pt.  31),  it  being  found  th:it  the  time  colored  light  must  work 
on  the  retiua  in  order  that  it  may  be  seen,  increases  in  arithmetical 
pn^reasion  as  the  intensity  of  the  light  decreases  iu  geometrical  pro- 
gression. The  relation  of  area  to  inteusity  and  time  is  now  being 
studied.  Other  experiments  on  the  relation  of  intensity,  time,  and  area 
of  stimulation,  as  determined  by  the  length  of  the  reaction-time  and 
aoeoracy  of  discrimination,  have  been  begun. 

The  laboratory  has  a  valuable  collection  of  Koeuig's  apparatus  for 
Uie  stndy  of  hearing  and  the  elements  of  music,  and  a  spectrophotome- 
ter, »  perimeter,  and  other  pieces  for  the  study  of  vision.  Work  on 
bearing  and  vision  has  been  begun  iu  several  directions,  but  is  at  pres- 
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eut  delayed  for  lack  of  workers.  Some  progress  is,  hovevw,  beiog 
luade  in  studying  the  fasion  of  seosatioDS  of  liglit,  the  latwntOT;  pos- 
sessiug  special  apparatus  by  which  colored  surfaces  of  given  areas  may 
in  any  saccessiou  work  on  the  retiua  for  given  times.  Mr.  Newbold,  who 
has  been  helping  witb  the  experiments  on  memory,  is  aboat  to  begin  & 
research  on  attention,  and  it  is  hoped  that  next  year  there  will  be 
others  ready  to  undertake  original  work.  Among  the  sabjecte  for  whieli 
ap|)aratus  has  been  secured  aud  preliminary  study  has  been  made  are:' 
The  building  of  complex  perceptions,  exertion,  and  fttigue,  the  meas- 
urement uf  contrast,  the  assodstion  of  ideas,  and  suboonscions  mental 
processes. 

Dr.  Joseph  Jastrow  has  prepared  for  the  series  of  Fact  and  Theixy 
Papors  a  small  volume  on  the  timerelatious  of  mei:tal  phenomena,  f^w 
study  of  the  time-relations  of  ment^  phenomena  is  important  from 
several  points  of  view.  It  serves  as  an  index  of  mental  complexity, 
giving  the  sanction  of  objective  demonstration  to  the  results  of  aal^ 
tive  observation ;  it  indicates  a  mode  of  analysis  of  the  simpler  mentsi 
acts,  as  well  as  the  relation  of  these  laboratory  produots  to  ttie  pro- 
cesses of  daily  life;  it  demonstrates  tbe  close  inter-relation  of  psydio- 
logical  with  physiological  facts,  an  analysis  of  the  former  being  indis- 
pensable to  the  right  comprehension  of  the  latter;  it  suggests  means 
of  lightening  and  shortening  mentAl  operations,  and  thus  offers  a  mode  of 
improving  educational  methods ;  and  it  promises  in  varioos  directions  to 
deepen  and  widen  oar  knowledge  of  those  processes  by  the  oomplicariioa 
aud  elaboration  of  which  our  mentallifeissowonderfnlly  built  up.  An 
excellent  bibliography  of  well  selected  authorities  relating  to  general  p^- 
cho-physics,  time-reactions,  adaptive  reactions,  and  association  times 
will  be  found  at  the  end  of  tbe  volume.  Tbe  Amerieaa  (/ovntoi  «^ 
Psychology,  edit«<l  by  President  Stanley  Hall,  aud  published  at  Clark 
University,  Worcester,  Massachusetts,  is  tbe  standard  authority  an  tbe 
physical  side  of  psychology. 

Metaphysical  psychology,  represented  in  the  English  publioatioa 
Mind,  may  be  said  to  have  fairly  entered  the  arena  of  anthropology 
since  the  revelations  of  consciousness  are  now  subjected  to  experi- 
mental examination.  The  following  topics  show  the  range  of  atady  on 
both  sides:  Animal  Intelligence,  Alix,  Foveau;  Double  Consctoos- 
uess,  Binet ;  Effect  of  Fatigue  on  Muscular  Contraction,  Lombard; 
Effect  of  Music  on  Animals,  Stearns,  Weissmau;  Experimental  Psy- 
chology, Jastrow;  HistoryofGeflex  Action,  Hodge's  Hypnotism,  Felkin, 
Innes,  Lays,  Moll,  St.  Glair,  Boujean,  and  many  others ;  Inhibition  in  the 
Phenomena  of  Conscience,  Beriet;  Intelligence  of  Animals,  Coisetti; 
Mental  Evolution,  Varigny;  Mental  Tests,  Cattell;  Origin  of  Mind, 
Carus;  OriginofHaman  Faculty,  Bomanes;  Perception  of  Length  and 
Number  Among  Little  Children,  Binet;  Physiognomy  and  Expressioii, 
Mantegazza;  Priuciples  of  Psychology,  James;  Psychic  life  of  Micro- 
Organisms,   Berif^t;  Psychic  Time   Measures,  Fricke;  Psycht^gy  of 
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AtteDtion,  Ribot ;  Belatinn  of  Mind  to  Its  Physical  Basis,  Cope,  Salter ; 
SeDseofDirectioDin  AnimalB,  Lubbock;  Spnoe OonsciODBness,  Spencer. 

IT. — ETHNOLOaT.( 

Since  the  dividioj;  lines  between  races  have  come  to  be  dravn  upon 
color  rather  than  apon  osteology,  mach  ingenuity  has  been  expended  in 
deriging  a  scheme  of  colors.  Broca's standards,  published  in  the  first 
ediljon  of  the  British  AssociatioD  "Antbropological  Notes  and  Queries," 
are  well  known.  They  appear  also  in  the  French  "  Queries."  Dr.  Bed- 
doe,  president  of  the  London  Anthropological  Institute,  baa  farther 
studied  these  Broca  standards  and  makes  the  following  Babdivisions: 

(1)  Bed  (inclnding  pink)  passing  through  reddish  brown  towards 
black. 

(2)  Orange,  or  reddish  yellow,  passing  through  brown  towards  black. 

(3)  Yellow,  Dossing  through  yellow  brown  and  olive  brown  toward 
black. 

(4)  Gray  or  oendre,  darkening  to  black. 

Dr.Beddoe  preHonls  an  ingenious  table,  in  which  the  proportions  of 
these  colors  are  given  for  people  that  he  has  specially  examined. 
EhmmU  o/color — Deettdt. 


Grv. 
S.7 

Tellow. 

niHM 

0.7 

¥4a 

^*^'An.r..p«^ J 

1.0 

This  is  followed  by  a  more  extended  table,  in  which  the  proportions 
of  Broca's  nambers  entering  into  each  skin  color  are  given.  The  nota> 
hie  differences  of  form  existing  between  the  parts  of  the  skeleton  and 
the  other  profound  portions  of  the  body  indifferent  groups  of  mankind 
Mem  to  have  been  produced  antecedent  to  these  migrations  and  sep- 
arations which  have  brought  about  race  distinctions  at  present,  such 
aa  color  of  akin  and  eyes  and  texture  of  the  hair. 

Dr.  Daniel  G.  Brinton  has  published  a  volaue  on  Races  and  Peoples, 
in  which  he  combines  the  results  of  a  course  of  lectures  before  the 
Academy  of  Natural  Sciences  of  Philadelphia.  This  volume  supplies  a 
vacancy  previously  existing,  since  there  was  no  good  summary  of  eth- 
nology published  in  English  giving  the  results  of  modern  research. 
The  peculiar  doctrine  of  the  author  is  the  location  of  man's  origin  in 
soDthwesteru  Europe  and  the  parts  of  Africa  opposite,  both  on  zoolog- 
ical and  arcboKtlogical  grounds.  His  class! Scations  of  mankind,  tbough 
agreeing  esacutially  with  those  of  other  recent  systematists,  possesa 
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euflicient  interest  to  be  rept  ated,  since  (bey  grow  somewhat  oat  of  Dr. 
BriDtoo'a  theory  coDcerning  man's  cradle  laod.  They  are  reprodnceil 
bore  ID  order  to  enable  the  reader  to  compare  them  with  those  of 
Welcker,  Topinard,  Hteckel,  Miiller,  Ftover,  Qaatrefoges,  and  others 
in  preceding  summaries  of  the  Smilhsonian  Report: 
Oeneral  ellinogniphie  $vltem«. 

Rua.         I  TnlU.  BiucbM.  I  Stocks.  <    T[ni|ii  iii|iiiiilii 


dark, 


I.  Sonth  Madltn- 


n.  Nagro... 
111.  H«^rotd . . 


■    1.  Libfu. 
i  Z.  Egypau. 
,    3.  EulArHoaa. 


Inda-GcrmsBle  « 

(MllBdie  pMplM. 

PeoplM  at  tbe  Cwk 

I>nrfa  of  Um  CMC*. 


.;  Caffre    and    Caaft 
tribal 

NaUTaa  of  TWtat. 
BunncM,  SiaaaH. 
Mucbdji.  TiU(«. 
Moogola,  Kalwta 
Tiuka,  Co^KkK^ 
FtDoa.  ttagr^t. 
Chnkchf*.  AtDM 

EBkimoa. 

TiDDeh.    AleoultH. 


a.  Helaneslan 
2.  Pol)-B«d>n 


,    I.  Aii8ln 

i  '  -i.  Dravl,! 


Uayui.  CbapuHvt- 
Cariba,     Annkm 

Tapis. 
CUbctM*.  t^ickHB. 

Ke«GoioeaB.-«. 
FwJaeoBt.  etc. 
UaUia,  TacalM 
Pwlie  Ulaa4na. 
AulnUaTui. 


— Brinlou,  D.  G,,  Kuces  anA  Peoples,  New  York,  l(»0,  p.  M.  OoOqIc 
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Sat«M«  of  (h«  £mrafriaa»  i 
[TribM  ii 


&  Indo  Sr*Dlc  gr 
1 1,  Leijebk  irraap 


III.  CaoeuioahKk.. 


IOC — .VorfJi  ifedilerraneaH  brtmch. 


..BoariklilDaac.  BiaqaM. Sunfi,  Alfiil 

PutIi,  (I)  iii^riaiu,  (fl  ranUArfaiii. 
..OauIfpUigliUiia  Scotch. Irlab.Welib.Ukni.BreiODs. 

Oiltiberiarts,  ^mri 
. . .  Latiiu,  V-ahriati;  Qieant,  AaMiwi.  lUliina.  Freiicb, 

Spaniali,  PortagueM.  It«u mania ii*,  WalUchlaat. 
...lUsriani.  AlliaDiana,  n.rnnaii.,  Jupyff^KT'. 
...PrUugi.  PkTygiam,  htjiiant.  Xattdimiant.  Grmlm. 
...Letta,  LIthuMiliuis,  Old  Pmaiain, 
.,.  aothtVandaU,  Frank;  Anglet.Saimnt.Suni,  Scnii> 

dlaariaDa,Geniiani,DiueK.DDlcb.  English,  ADglo- 

Amcrlcana. 
..Riualans.Pale(.Ci«hs.S*irTiani,CnialfanB,WcDda. 

Bntjiatlaoa.  UDDteorBrlDa. 
...Armmians,  Peralons,  Boctrioiu,    HindwM,  Kafln. 

Dan]*,  Drlocbla.  Huniaa,  Gjpalea 
...Avan,  Laka,  ITdea,  KnHna. 
...CiRaaalnDa.Abkhuiani. 
..  Tuab,  Earabonlaka. 
..  GAornlani,  HlnjEri'llana,  Lai>. 


— Brinton.  Racet  an'I  Peoples,  Nen  York,  l^dO.  p.  140. 
Seheme  of  Argae  niyralion. 
IBitincE  people!  ia  itaha.) 


I  Nonhero  Peaplea  (Blondfa. 


Frimltive  Aryana(Wfti 


lUyriant. 

lUllana 
CalU. 

-BriutoD,  n.  G.,  Races  ait<l  Peoples,  N«w  York,  1H90,  p.  153. 

5cAein«  o/  Ike  European  race — South  JUtditirranean  Hranth. 

lEitiDct  peepIfBlniiufwi.] 

f  I.  Lib.TIn  group Sumiduini.  Gtlulian$,  LOiyam.  UauTilaaiaiu,   Quan. 

cht4.   Btrbcra,  RlBaoB,  Zoaaif*.  Eabyk'a,   Ttiareka, 
I  Tibbus,  GhaduiDis,  Uubltsa,  OAanatoi,  £(nuaint, 

Amffrifa«,AMVrurtj,  BUtUet  {}). 

S.  Egyplian  gnnp Uopla,  F«llah«en. 

3.  EBatArMcaDgraup...,GBllBa,     Somalia,     Danakila,    IloiUaa.      Uillna,    Afara, 
Ehamlra. 

1.  Aiabiao  moiip BitmtyaHla.  Bahtani.   KabBO,atu,  Atabo,    Bednwio, 

EbklllB. 
3.  Ab;ai>iDlan|ironp Ambamla,  Tl|;rla.  TI||riauB,  C.htin..   Elbioplaaa.  Uu- 

3.  Cbaldnao  |!n>i>P Iiravllt^a,  Aiatnrana,SaniBrilnna. 

BriQtvD,  D.  G.,  Races  and  Peoples,  Now  York,  ItfifU,  p.  IM. 


I.  Hamitic  atock. 


Dg.l.zedl!,GOOglc 
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|1.  EiidUotUI  fnap Akku,    TlkklMkkl*.   UbODRia,   Dakoft,  VauMu, 

..  I  KimoM  of  MMitgttct. 

U.  SdDth  Air1uBtrenp..Ba>hBies.  HottaDIoM.  MwoaquH,  (luaqu*. 

1.  NikHic  KTonp . .  SklllDk^  DIdkat,  BoarM.  Clki.  Bwii.  Na>n. 

1  SuduiMS  gnmp Bauau*.  II«Uu,  Baninii,Kuwrir.  Ngatst.  Akn*. 

I.  Ban«g>BbtNi  group. ..SerTerH.  BuoTams,  WololK f  oyi. 

4.  OdIiiho  gr«np Aahkntli,   Datioml*,    FaatU,  Tornbii*.  Uaadlicncii 

T«U,  Knu. 

1.  Nabian  givap Kabu,  Sanbnu,  DonjcoloirU,  PobIl  TdouIIi.  Nyw 

Kjuna,  HonbuttDii. 

2.  Builufioap Caflrai,  Znln^  Beoboaua,  Sakklsraa,  DuBBLHcnvm, 

Suabeli*,  OirambiM,   Bu*Dhi*.  BxnioBgt.  Bugia. 


til.  Ncsroid  braneb. 


— BriDtou,  D.  O.,  B*OM  and  People*.    New  York,  1S90,  p.  174. 
ScheMt  of  Urn  Jttan  Roe*. 

II.  ChlncM)  Qronp Chiaw. 
i.  Tbibelan Tbibetana,  Ladakia.  Mapalue.  BboUsna. 

13.  lDdvChin(iaaGniap....81nnM,  Slamcw,  Adiuu 
CblDMB.  TonfcliwH. 


\i.  Uvogolic  Gntnp Uonitala.  Ealnacka. 

Is,  TartarloOniap TarwiaaD*.    TakooU.    Torti  (< 

I  KlisblK,  CiMoka.  Hdd*. 

.  SIblrio  Branota..  I  *.  Finnic  Unap Flnna,     Lappi,     Eitboniaiia,      Ufciiaua.      UacjMt  , 

Uordrlna,  Samojeda,  Oatyaka.  TokqU,  t  liwiMt 

Kanliaaa 

Is.  Arctic  Oroap Chnkcbaa.  Eoraka,  Kamicba 

I  iaka.  AlDoa. 

(8.  Japaofsc  Bnnp Japanaaa.  Koieana 

— Briotoii,  U.  a.,  Buuenana  Peoples.     New  York,  1890,  p.  194. 
Sckme  of  Innlar  ontt  Litoral  PropUt. 


I.  NitriloOroi 


I.  HaKTillcatock.Jl.  Papuan  Otaup Papiiaa,  KewGulneasa. 

3.  Melaoealan  Onap Hatlraa  of  PeqlM  Islanda,  Ndw  CatnlaaiB,  Lwralt} 

I  laluili^  Kaw  Habrldsa.  «tc 

/I.  Ualayan  tironp Ualaja,    BniuBlnae.  JitTaaaaiE.    Ballaka.     Dajski, 

II.  Uali;leitock..|  MacMaara,  Tagalaa.  BoruHol  Uadatcaaeari. 

'l.  Pol;iHaiaii Group PDjjneilana.  Hloronaaiana.  Uaoria. 

III.  Auairalioatodk.jj.  Dravldiao  (jnrop Dnrldaa,  Tamnla,  Tclwaa.  Caunae,     MaiajitlM 

I  Todaa,  Kbonda,  ViudM,  Sastala,  KaUa,  BbUiH 

ItriDtou,  D.  G.     Bacea  and  Peoples,  New  York,  1890,  p.  330. 

It  JH  not  necessary  to  more  than  meation  the  essay  at  classiQctttica 
made  by  Dr.  Lombard  the  preceding  year  and  published  in  tbe  BdUo- 
lius  do  )a  Soci^to  d'Authro|)o1ogie,  Paris  (xii,  129;  185).  Tho  author 
starts  out  with  the  hypothesis  that  tbe  hamao  specH^  first  appeared 
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in  tbe  circampolar  reKioD  during  the  Miocene  epoch  and  that  it  ex- 
panded slowly  and  prosreseively  over  all  the  contineuts.  As  soon  as 
the  parta  of  this  original  group  separated,  races  were  fonned  which  set 
npa  movement  from  north  to  south,  the  more  recent  and  better  per- 
fected driving  before  them  tbe  older  and  more  degraded.  Three  pri- 
mary races  are  demanded  by  this  theory,  and  their  modern  representa- 
tives are  to  be  seen  in  Tierra  del  Fnego,  Cape  Colony,  and  Tasmania 
or  Australia. 

Tbe  best  journals  on  etboograpby  and  ethnology  are  the  on^ne  of 
the  great  societies  in  England,  France,  and  Germany.  The  geographic 
DiagazineB  and  publications  of  all  the  societies  devoted  to  geography 
tao  not  be  overlooked.  While  their  ruling  motive  is  tbe  conquest  of 
tlie  world  for  cirilizatiou  they  do  not  fail  to  mention  and  describe  the 
iborigines.  Tbe  Internationales  Archit  /Ur  Etknographie,  Leyden, 
edited  by  J.  D.  B.  Schmeltz,  is  designed  exclusively  for  musenm  directors 
who  have  in  charge  ethnographic  material. 

Tbe  difficulty  still  remains  of  confounding  language  with  blood,  in 
tbisarea  of  autbropology,  to  such  an  extent  that  lists  of  tribes  contain 
tongues,  and  vice  versa.  TrainedetbDologists,  however,  make  tbe  proper 
distinction,  and  gradually  tbe  error  will  eliminatfi  itself. 

General  works  on  Ethnology. — The  beecb  tree  in  Ethnology,  Taylor; 
Ethnography,  Races  and  Peoples,  Brinton ;  Ethnology  in  relation  to 
ncee  and  peoples,  Achetis;  Geographic  names,  Uirrle,  also  Bulletin  i, 
Dnited  States  Boaid  of  Geographic  names ;  Numeration  in  the  light  of 
Khnography, Oiinther,  Ketnach ;  Pygmiea,  Werner;  Race  and  disease, 
Hoffmeister,  Stokris ;  Race  susceptibilities,  Grieve :  Teeth  of  different 
races,  Belty. 

Anerica. — Age  of  puberty  among  Indians,  Holder;  Americanists, 
Brinton ;  Beothnks,  Gatscbet ;  Cherokees,  Moony ;  Oherokees  and 
UooDd-boildets,  Thomas ;  Eskimo,  Murdoch,  Rink;  Illustrated  Ameri- 
ana,  Hnunewell;  Indians  of  I'uget  Sonnd,  Eells;  The  Mexicans, 
jooch,  Seler;  Northwest  CoaKt  tribes,  Jacobsen ;  Omaha  and  Ponca 
[ndiaoM,  Dorsey ;  Peopling  of  Amentia,  Quatrefages;  South  American 
Jnltiire,Stiibel ;  Tribes  of  Canada,  Boas;  Ethnography  of  Venezuela, 
Varcano  ;  Western  Denes,  Morice. 

Burope. — Aryan  cradle-land,  Gleiinie,  Huxley,  Taylor;  Basques, 
koH;  Ethnography  of  Europe,  Lombard;  Ethnography  of  Turkey, 
}amett;  Ethnology  of  British  Isles,  Rhys;  Etruscans,  Brinton,  Bngge; 
Finland,  Keuter;  Gerniaus  and  Slavs,  Virchow;  Lapps,  Amicb,  Den- 
Iter,  Kbabouzine,  Rabot;  Origin  of  the  Euglisb,  Freeman;  Prehis- 
one  races  of  Italy, Taylor ;  Russia,  Stuart ;  Tbe  Slavs.  Hellwald;  Stat- 
ire  in  Bassia,  Anoutchine;  Tartars  in  the  Crimea,  Deuiker. 

A.tia. — Aonametes,  Deuiker;  Anthropology  in  India,  Ibbetson;  Ar- 
nenia,  Lanin;  Asia  Minor,  Bent;  Cambodia,  Comhette;  Caucasus, 
>e  Morgao;  China,  Gordon,  Tcbeiig;  Cochin  China,  Combelte,Faure; 
Ethnography  of  Western  Asia,  Lombard;  History  of  Israel,  Benao} 
H-  Mia.  129 35 
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IndiftfTaverDier;  Indo-OhiDa,Bo88et;  Japanese stadies, Bern;;  Kirghti, 
Rhabouziiif ,  Eards  and  Tesides,  Eovalewsky ;  Thibet,  Delbud,  Bock- 
bill,  Saudberg. 

Africa. — Augolese,  Topioard;  Bauta  stock,  Baarboff^  GoDgo  tribes, 
Stanley  (tbe  Stanley  literatare  in  geographic  jonrnals  wicl  scientific 
periodicals),  Wardj  Dahomy,  Delbard;  Gaboon,  Delbanl;  Hadigu- 
oar,  Oliver;  South  African  Ethnology,  Macdonald. 

Oceanica. — Australia,  Porter,  Howitt,  Reclus;  Borneo,  Woodford; 
Indiaa  Archipelago,  Barou  Hoevetl ;  Flares  and  Celebes,  Weber;  Kew 
Uatedouia,  Gombette;  ITew  Hebrides,  Inahaus;  Polynesian  race,  For- 
oauder ;  Solomon  Islanders,  Woodford ;  Tasmania,  Both ;  Torres  Sttait. 
Haddon. 

Prof.  A.  B.  Keane,  of  London,  prepared  for  Chambers'  Gocyclopsdia, 
new  edition,  artiolee  on  ethnogratihic  titles. 

V. — GLOSSOLOGY. 

The  resources  of  linguistic  studies  in  the  United  States  are,  on  the 
classical  side,  represented  by  the  American  Journal  of  PkiMogf,  and 
on  the  ethnic  side  by  the  studies  and  publications  of  the  Americu 
Oriental  Society,  by  Dr.  Dnoiel  Brinton's  American  series,  and  by  tin 
collections  of  the  Bureau  of  Ethnology  iu  Washington. 

Abroad,  the  list  of  philological  journals  is  too  long  to  reprodaco; 
furthermore,  in  most  of  them  language  ia  studied  quite  apart  &vm  bM: 
who  uses  it.  Triibners  catalogues,  not  forgetting  the  Joomal  of  ^tA 
Boyal  Asiatic  Society ;  RevuedeLiuguistique;  Zeitucbrilt  der  MoreaN 
Ifindischen  Gesellsohaft,  Lazarus  and  Steinthal's  Zeitschrift  iuid  Friefr! 
lander's  Catalogues  must  be  consulted  for  works  in  special  lines.  TM^ 
foUowiug  papers  may  be  consulted :  Asiatic  affinities  of  Halqt 
languages.  Wake;  Blackfeet  lunguage,  Tims;  Category  of  Hoodu 
Crasserie;  Chinook  jargon,  Hale;  Comparative  Grammar,  GrasMM* 
li^ki mo  Vocabularies,  Wells;  Ethnographic  basis  of  Language,  LeiBJ 
ner;  EvoIutionofLangaage,  Murphy ;  Gothic  langnagfs,  Balg ;  Inilt^ 
European  liuguietics,  Regnaod  ;  Language  of  the  Misaisaguaa,  Chaai 
berlnin;  Manual  of  Comparative  Ptiilology,  Schrader;  New  Lingnisttt 
Family,  Henshaw ;  Phonograph  iu  tbe  Stady  of  Songs,  Fewkes ;  Pool^ 
language,  Tautaiii;  Science  of  Langaage,  Sayce;  Semitic  languago^ 
Wright;  TextesMauchu,Bang;  Timncaa text, Gatschet;  Topi  language 
Dom  Pedro ;  Zulu  Dictionary,  Manner. 

VI.— TECHMOLOGT. 

Klemm's  plan  of  tracing  out  the  lineage  and  migrations  of  faooMij 
inventions,  perfected  later  by  General  Fitt^Rivers,  is  really  the  morf 
productiveof  scientific  results  among  ethuologic  methods.  Tbe  staa 
of  an  art  in  its  historic  elaboration  may  becalled  technograpby  andtli 
tracing  of  an  art  through  the  tribes  that  practice  it  etbnotechDicB.  M 
any  rate,  every  year  some  one  among  the  host  of  anthropologists  gatbofl 
the  specimens  and  the  evidence  to  show  how  one  of  our  veil  boo*" 
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implements,  prooesaea,  or  art  products  lias  come  to  be  what  it  iu.  The 
follaving  is  a  good  example  of  this:  A  symposiam  was  held  by  the 
Anthropological  Society  of  Washington  to  stndy  the  arrow-maker's 
art.  Six  members  made  communications  and  their  resnits  are  published 
in  Cbe  Anthropologist.  Each  reader  was  an  expert  iu  his  field,  so 
that,  practically,  there  is  little  more  to  be  said  on  that  sahject.  lUns- 
batioDS  of  some  of  the  methods  are  to  be  found  iu  the  Beports 
of  the  Smithsonian  Inatitntiou,  but  the  perfecting  of  the  point  is 
shovn  only  in  the  American  Anthropologist  and  is  reproduced  here  to 
give  the  sntiject  a  wider  circulation.    The  steps  are  as  follows:    (1) 


Dg.l.zedl!,GOOglc 


548  PEOGKEKS  OF  ANTHBOPOLOG 

^  strikiug  wkeo  the  edge  is  sharp ;  (3)  indireot 


no.  a.— Indii 


tbo  Wiutaoe  aod  described  by  B.  B.  Bedding 


FlQ.  *.— Iniilrect  pertnssEon.    Two  pern 

two  persons  beiug  concerned  ;  practiced  by  tl 


DcmizedbvGoOglc 
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Catlin;  (5)  daking  hy  pr«»»are,  a  booe  implement  being  ased,  a,  bone  . 


Flu.  S — FlakiDK  I15  pTEMurtik  booe  InipleiueDl  bring  nwd, 

tool,  b,  the  stone,  e,  the  flake;  (6)  flaking  by  pressure;  manner  of 


Flo.  «.— FlmkiD  J  by  pmgnT*. 

folding  as  observed  among  many  tribes  by  J.  W.  Powell  and  others; 


!>)  flaking  by  pressure,  a  bone  point  being  used,  the  implement  to  be 
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•  osed  resting  on  ii  HUjiport;  (8)  flaking  by  preasnre,  bom' iiincerabi 
used. 


An  ezcelleot  example  of  tbe  study  of  art  genealogically  is  Henry  Bal- 
four's descriptioD  of  tlie  old  British  pibcoru  or  born  pipe  and  its  affini- 
tiea.  {J.  Antkrop.  Imt.,  London,  xx,  142-154,2  pi.)  The  family  tiw 
would  staud  thus: 

Prototype. 
(Cornstalk  ur  slender  reed  willi  viltratiug  taoftn^-) 
Single  teed  pipo  wilh  movable  reed  («,  g.  Arab  pipe). 


Double  pipes. 
(Argliool.) 


Double  )ii|w8. 
(Ziiiumarah.) 


PeTBian  bagpipes. 
(dpi  ainb&Dah.) 


bom  betl-owatt. 
(Pibconi.) 

Double    bagpipe 
f  o  rm ,  w  i  t  b  I 
bora  bell-DiiMlbt. 
(Arab  Konggtfnb.) 


[Hindoo  Mngoodi 
Ac,  types 
burn  bell-moi 


lb 


Doiilile  pi  pea  with 
BiD);le  bell-iDontb. 
(Greek  hornpipe.) 


Greek  bagpipes. 
Id  tbe  accompanying  plates  tbe  relationabips  are  better  presented  i 
the  eye.    They  are  marked  iii  and  iv. 


BX  PLAN  ATI  ON   o 


irn's  V 


Fig.  1. 
Fig.  '2. 
Fig.  3. 
Fig.  4. 

Fig.  r,. 

Fig.  6. 


\,  TeDOR,  GTceiaii  Arcbipria^ 
CO  removed,  showing  reedt. 


Double  hornpipe,  from  tbe  village — <lio  N 

Side  riewofaame. 

Upper  portion  ol  aaoie,  nith  gourd  moutl 

Due  of  tbe  Bounding  reeds  removed. 

Bagpipes  from  tbe  Grecian  Arcbipetago. 

One  of  tbo  sounding  rerds  removed. 

Pibcorn  from  tbe  island  of  Anglenea. 

Back  view  of  the  pipe,  witiL  end  pieces  removed,  ebowiug  reed  f> 

SouDding  reed  of  same. 

DBitizedbv  Google 


Hornpipe  and  Baqpipes,  Grecian  ARCHiPEL>oa;  and  Pibcorn  from  Anglesea. 


DcmizedbvGoOglc 
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14. 


Arab  Reed  Pipes,  Deckmam  Pipes,  and  Hinooo  hornpipe. 


DcmizedbvGoOglc 


iiizedbv  Google 
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EXPLANATION   OF   PLATE     IV. 

Fig.  10.  Dooble  reed  pipes,  Zammarah,  Arab,  from  Egypt. 
Fig.  11.  Single  raed  pipeftom  Egypt. 
Fig.  13.  Donble  pipes,  Toomeri,  Deckan,  India. 

Fig.  13.  Same,  with  gourd  nimoTBil,  Bhowing  soandiog  reeda  ia  «i(a. 
Fig.  14.  Hindoo  "  horn-pipe  "  with  doable  pipes  and  large  goord  reeerroir. 
I^g.  15.  aame,  tritb  gonrd  aod  bom  bell  moDth  remoTed,  front  view,  Hhowing  MDtid* 
ing  reeds  ia  lit*. 

Hr.  Walter  Hoagh,  of  the  U.  8.  National  Maseum,  in  a  very  elabo- 
rate mauaer,  worked  out  the  primitive  methods  of  flre-making,  so  that 
he  is  mauh  better  aoqa^uteil  with  the  art  than  any  savage  ever  was. 
The  geogr^hio  distribution  of  each  form  is  interesting  in  the  light  of 
ethnography,  and  the  gradual  elaboration  of  this  primitive  art  np  to 
the  last  centnry  ao  iiistractive  chapter  in  the  growth  of  iuveatioD. 

Barr  Ferree,  of  the  Leonard  Scott  Publishing  Company,  wrote  a  series 
of  articles  on  the  infloence  of  climate  and  nature  iu  giving  shape  and 
character  to  primitive  architeotnre.  The  subject  is  one  of  great  inter- 
est 

J.  E.  Watkins,  of  the  V.  8.  National  Museum,  follows  the  historic 
method  in  tracing  the  p  rogress  of  the  carrying  industry  and  the  elabo- 
ration of  modern  engineering. 

W.  H.  Holmes  publishes  in  the  annual  report  of  the  Bureau  of  Etbnol- 
•gy  a  paper  OD  the  evolution  of  ornament,  based  on  the  close  study  of  a 
tu^e  series  of  aboriginal  pottery,  basketry,  and  other  fabrics.  It  is 
shown  that  many  of  the  patterns  which  have  had  the  greatest  popularity 
io  the  world  originated  among  primitive  peoples.  A  list  of  important 
papers  follows:  Aboriginal  Fire-making,  Hough ;  Artistic  Anatomy- 
Bivber ;  Boomerangs,  Baker ;  British  Pibcorn,  Balfour ;  Gats  from  Bubas, 
tis,  Virchow;  Climate  and  Architecture,  Ferree;  Culture  Plants,  Bfch- 
ter;  Carrenoy  and  Measures  io  China,  Morse;  Dawn  of  Metallurgy, 
Mello;  £volutioo  of  the  Gondola,  Pierson;  Evolution  of  Ornament, 
fiolmes;  Fortification,  Clarke;  Uardeu  Vegetables,  8turtevant{  Indus- 
trial Arts  in  India,  Binlwood ;  Japanese  Poitery,  BowesjMaple  8ugar, 
Henshsw;  Mechanic  Art  io  the  Stone  Age,  Hayes;  Music  in  New 
Hebrides,  Hagen ;  Mnsical  Notation  in  the  Middles  Ages,  sub  voce ;  The 
Nephrite-jadeite  question,  Berwerth;  Origin  of  Bronze,  Wilson; 
Onfcins  of  Technology,  Espinas ;  Primitive  Surgery,  sub  toee  ;  Proas, 
Stnrtevant;  Quarry  Workshop  in  the  District  of  Columbia,  Holmes; 
Sources  of  Jade,  Pierce ;  Swords,  aub  voce  ;  Throwing  Spear,  Nuttall ; 
Trade  rtHite  from  Peking  to  Kasfagaria,  Bell ;  Venezuela  Pottery,  Ernst ; 
Wild  Horse  of  Songaria,  Trouessart;  Writing  Materials  and  Books 
among  the  Ancient  Bomans. 

VU.  —  ABCH.SOLUGY. 

Tbe  two  archaologies,  classic  and  prehistoric,  have  for  their  offluial 
organ  the  Aiturican  Journal  of  Archaology  and  of  the  Eistory  of  Fine 
Arta.     (Boston,  Oinn  &  Co.)     It  speaks  authoritatively  for  the  Arch- 
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lEologii^l  Institute  of  America  and  the  American  Scbool  of  Clawieal 
StudieH  atAtbeos.  wbose  bea<lquarters  are  at  Cambridge,  Massaebn- 
setts.  All  brancbes  of  archtelogy  and  art,  oriental,  classical,  earl; 
ObriBtian  Mediaeval,  and  American,  find  a  medium  of  utterance  in  the 
Journal,  The  Institnte  welcomes  to  its  niemberabip  all  men  lUid  women 
who  desire  to  aid  aod  sbare  in  tbe  advance  of  knowledge  concerning 
tbe  past  of  tbe  human  race. 

American  arcbielogy  has  its  organs  in  the  American  Anti^tuaian,  the 
American  Anthropohgiat,  the  reports  of  the  Peabody  Mnsenm,  the  pub- 
lications of  the  17.  3.  Smithsonian  Inntitntion,  and  the  U.  8.  Natiwal 
Maseum,  tbe  series  of  publications  issued  by  Dr.  D.  G.  Brinton,  and 
the  transactions  of  local  societies. 

The  Museum  of  American  Archeology  in  connection  with  tbe  UniTei- 
sity  of  PennsylTania  perfect«d  its  organization  by  publishing  its  first 
Annual  Report,  Vol.  i,  number  1,  containing  list  of  additions  to  the 
library,  catalogue  of  accessions,  and  tbe  first  report  of  the  curator.  Dr. 
C.  C.  Abbott. 

The  subject  of  archteology  has  taken  on  a  vjgoroas  growth  daring 
the  current  year.  Professor  Putnam,  of  Harvard  University  and 
Peabody  Mnsenm,  has  carefully  studied  the  prehistoric  remains  in  the 
Ohio  valley.  In  two  papers  in  the  Century  Magazine,  especially  be  has 
given  in  a  brief  space  and  in  a  popular  manner  the  result  of  his 
minute  examinations.  Professor  Pntnam  also  prepared  for  the  Worlds 
Fair  Committee  a  comprehensive  plan  for  an  srcbteological  and  ethnv- 
graphic  exhibit.  Over  this  department  Professor  Pntnam  will  p^e8id^ 
Tbe  researches  of  the  Peabody  Mnsenm  explorations  lead  Putnam  to 
the  conclusion  that  tbe  mound-builder  was  a  short-headed  South- 
erner; that  bis  civilization  was  broken  up  by  a  long-beaded  Korthenei, 
and  that  the  Indian  is  tbe  result  of  a  mixture  of  these  two. 

The  Hemenway  southwest  archceological  expedition  bore  its  first 
fruit  in  vol.  V,  of  the  Papers  of  Archfeological  Institute  of  Ameriok, 
American  series.  Mr.  A.  F.  Bandelier  contributes  in  this  volame  foor 
papers  upon  the  history  of  the  Southwest,  to  wit:  (1)  A  Bk<>tch  of  tb^ 
knowledge  which  tbe  Spaniards  in  Mexico  possessed  of  the  countries 
north  of  the  province  of  New  Qalicia,  previous  to  the  return  of  Cabexa 
de  Vacit,  in  the  year  1536 ;  (2)  Alvar  NnTiez  Gabeza  de  Vaca,  and  tli« 
importance  of  hm  wanderings  from  the  Mexican  Gulf  to  the  slope  of  tbe 
Pacific  for  Spanish  explorations  towards  New  Mexico  and  Aruooa ;  (S\ 
Spanish  efforts  to  penetrate  to  the  north  of  Sinaloa,  between  thf 
years  1536  and  1539 ;  (4)  Fray  Marcos  of  Nizza,  and  (5)  the  expedition 
of  Pedro  de  Villazur  from  Santa  F6,  New  Mexico,  to  the  tmnks  ot 
tbe  Platte  River,  in  search  of  the  French  and  the  Pawnees,  in  tbe 
year  1720. 

William  11.  HoImes,of  the  Bureau  of  Ethnology,  publishes  the  resalt 
of  an  extended  exploration  in  a  bowlder  quarry  near  WashingtoD  City, 
at  Piney  Branch.    This  site  turns  out  to  be  a  veritable  workshop,  aad 
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ftcarefnl  study  of  the  debris  lesuls  the  iiivestigntor  to  the  conclusion 
that  the  forms  occurring  here  are  Dot  impleiuenlH  at  all,  bnt  failures, 
which  tbe  savage  artisan  lias  tlirown  away.  Mr.  Holmes  has  been 
enabled  to  demonstrate  this  by  learniug  the  stone-chipi^r's  art  and 
aetnally  repeating  tbe  steps  in  his  processes.  The  value  of  this  careful 
exploration  lies  in  the  assistance  which  it  will  lend  to  other  arcbseologists 
who  visit  to  review  their  own  work  witji  new  light. 

Arcbieologists  will  be  pleased  to  learn  that  the  Hon.  Henry  Shirley 
foDud  in  Pedro  Bluff  Gave,  Jamaica,  a  craniom  belonging  to  one  of 
the  aborigines  who  inhabited  the  island  before  tbe  European  conquest 
It  had  been  artificially  detbrmed  during  infancy  by  the  depression  of 
tbe  frontal  region,  or  &on to-occipital  compression  with  corresponding 
lateral  expansion.  The  island  of  Jamaica  has  yielded  a  remarkably 
Hioall  nnmber  of  evidences  of  aboriginal  occapation. 

Dr.  Brinton  prepared  for  his  "Baces  and  Peoples"  a  scheme  of 
geologic  time  daring  the  age  of  man  in  the  eastern  hemisphere,  which 
is  here  re-prodnced. 
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The  eighth  Russian  Arcbseological  Congress  was  held  in  Moscow, 
Jannary  S  to  24.  It  was  tbe  twenty-Bftb  anniversary  of  founding  the 
Boy^  Arohfeological  Society    in    Moscow,  February  7,  1864.     Tbe 
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occasion  was  one  of  great  importance  both  iwcinlly  and  ocientilicall;, 
as  the  following  list  of  topics  will  show: 

(1)  Pre-hiatoric  BDtiquilies. 

(2)  Historlco-geographic  and  ethnograpfaic  antiqaitiea. 

(3)  Monuments  of  fine  arts. 

(4)  Guatoms  and  nsagea  in  Russia. 

(5)  Religions  monuments. 

(6)  Busso-Slano  liognistic  and  paleographic  monameDts. 

(7)  Classic,  Slavo- Byzantine  and  weateru  antiquities. 

(8)  Oriental  and  heathen  antiquities, 
(d)  Archieographifl  monnments. 

There  is  an  excellent  report  of  tliis  meetiug  iu  the  Mitthalmgm, 
Wien  {XX,  148-164). 

All  event  in  archeeology  worthy  of  record  ia  ]S8d-'90  was  tbe 
removal  of  the  National  Egyptian  Mnseiiiu  from  Bfil&q  on  theeut 
side  of  tbe  Kile  to  tbe  spacious  Kbedival  palace  at  Oizeh  on  tbewM^ 
ern  bniik. 

The  death  of  Schliemann  removed  one  of  tbe  most  romantic  charac- 
ters in  the  scientific  world.  The  conception  nf  exploring  (he  site  of 
ancientTroy  was  formed  in  his  boyhood.  His  assiduity  in  amassioga 
fortune  to  this  end,  and  bis  untiring  effort  to  spend  his  fortiiDC  to 
secure  that  end  have  held  bim  np  to  the  admiration  of  two  geoeratioDs. 
That  his  interpretatioD  of  hia  discoveries  may  not  be  in  every  caw 
correct,  will  not  detract  greatly  from  hia  just  meed  of  praise. 

Archseological  publications  of  general  Interest  will  be  foand  ander 
tbe  following  titles:  Aboriginal  Monuments  in  Kortb  Dakota,  Mont- 
gomery; American  Antiquities,  Peet  {under  several  titles);  Antiquity 
of  Man,  White  (aeries  of  papers  on  the  Warfare  of  Science  in  Pop,  8c. 
Monthly);  Antiqnitics  of  Tennessee,  Tbruston  ;  Archasology,  Powell; 
Archieology  of  India,  Filhrer;  Archeology  of  Ohio,  Putuam ;  Branse 
Age,  Montelins;  Cliff  Dwellinga,  Chapiu,  Mearns;  Discoveries  io 
Egypt,  Edwards,  Brugscb,  Naville;  Fort  Ancient,  Ohio,  Moorehead; 
French  Archieology,  Mortillet;  Gashed  Bones  and  the  Antiquity  ot 
Man,  Hughes;  Orieutal  Archi-eology,  Sayce;  Prehistoric  Anthropology. 
Wilson;  Prehistoric  Cave  dwellings,  Bickford;  Stone  Age  in  Africa, 
Aodree;  Winnipeg  .Mound  Uegion,  Bryoe. 

V  III. — SOCIOLOGY. 


In  December  of  1889,  the  American  Academy  of  Political  and  Social 
Science  was  organized  in  Philadelphia  under  tbe  most  favorable  au^ 
pices.  The  list  of  subsrribiug  members  reached  the  number  of  800  id 
the  first  six  months  of  the  Academy.  The  most  distinguished  noivH- 
aity  presidents  and  professors  are  among  the  governing  body.  TbJs  co- 
operative action  marks  an  erainalirancbof  anthropology  hitherto  diffi- 
cnlt  to  summarize.    The  resources  of  sooiological  Btady  are  nDlitnited. 
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CenBUB  reports,  tables  of  vital  statistics,  bine  books,  literature  of  tbe 
Bnreaa  of  Labor,  of  iateratate  commerce,  of  eda cation,  Johns  Hopkins 
tracts  on  historical  and  political  soience;  the  great  reviews,  all  of 
them ;  the  daily  press  are  only  a  few  of  the  great  organs  of  sociology. 
The  existence  of  a  nationa)  sodety  with  an  official  organ  will  enable 
tbe  specialists  to  cnll  from  this  great  mass  the  pablicatiooa  in  his  line 
of  stady. 

Anthropology  comes  to  the  aid  of  jastice  in  the  snccess  of  the  Bertil- 
loD  method  of  measuring  and  ideuttfying  criminals.  This  has  foand 
faror  not  only  in  all  France,  but  in  the  United  States,  and  even  in  the 
Argentine  B^public.  To  the  ordinary  police  questions  of  sex,  height, 
age,  and  color  of  the  eye  are  added  the  cephalic  diameters,  the  length 
of  the  foot,  length  of  tbe  middle  finger,  length  of  the  ear,  length  of  the 
forearm,  and  personal  scars  or  individual  peculiarities.  The  many 
beneficial  effects  of  the  certain  identification  of  a  criminal,  in  spit«  of 
all  aliases  and  disguises  that  have  already  been  pablished,  the  ability 
to  separate  the  first  offense  &om  the  professional  villainy,  are  not  the 
least  among  tbe  obligations  society  owes  to  anthropology. 

The  discnssion  still  ooutinaes  npon  the  subject  whether  there  are 
certain  morphological  indicatioDS  of  criminal  proclivities  so  marked 
that  society  may  use  them  to  protect  itself  by  confining  the  subject  be- 
fore the  crime  may  be  committed. 

The  wide  range  of  inquiry  in  the  province  of  sociology  is  indicated 
in  the  following  titles:  Anthropology  of  Prostitntes,  Tamou^iky;  Ar- 
tificial Deformation  of  the  Head,  Delisle,  Nicolucci ;  Child  Marriage  in 
India,  Brahmin;  Chronology  of  Ohina,  Gordon;  Communism,  Lav* 
eleyej  OomparativeCriminality, Tarda;  Courtesy,  Mallery ;  Crime  and 
Saicide,  Corre;  Criminal  Anthropology,  Gamier,  Galton,  Garofalo, 
Qerma,  Lombroso,  Paravant,  Ellis,  Proal ;  Disposal  of  the  Dead,  Tay- 
lor; Dnk-Dnk Ceremonies,  Cbnrchill;  The  Earas  a  Sign  of  Defective 
Development,  Warner;  Ethical  Problem,  Carus;  Evolution  and  Inher- 
itance, Eimer ;  Gentile  System  of  the  Navajos,  Matthews ;  Government, 
Hnxley;  Infancy  of  Criminals,  Taverui;  Infant  Marriages  in  India, 
Fawcett ;  JafMUiese  Women,  Loti ;  Judicial  Dictionary,  St^ud ;  Judicial 
Torture,  OttDdry ;  Justice  and  Political  Ethics,  Spencer;  LaCouvade, 
Meyuers;  Masks,  Boas,  Meyer;  Marriage  and  Heredity,  Kisbet;  Mar- 
n^e  Relation,  Wake;  Mutnal  Aid  Among  Animals,  Krapotkin ;  North 
American  Indian  Children, P^eken;  Origins  of  Common  Law,  Pollock; 
PohceAnthTOpometry,Spearmaii;  Political  Evolution,  Letonrneau;  Pol- 
yandria,  Baynaud;  Primitive  Fashions,  Basu;  Primitive  Games,  Thurn; 
Province  of  Sociology,  Giddings;  Racing  in  1890,  Stutfield ;  Society 
Among  Animals,  Girod;  Student  Life  in  Paris  in  the  Twelfth  Century, 
Francke;  Survival  of  Ancient  Custom,  Qomme;  Tattooing  in  Tnnis, 
Bazin  (also  sub  voce);  Thief  Talk,  Wdde;  Trei>hined  Crania,  Vemeau; 
Tonng  Parisian  Criminals,  Jolly,  Bonz. 
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IZ.— RELIGION  AND  POLK-LOEE. 

One  of  the  remarkable  retiults  of  coiiperatiOD  in  the  stady  of  folk-tore 
is  seen  la  the  poBsibilit;  of  such  a  work  as  Professor  Eraser's  Uolden 
BoDgh.  The  pnettt  of  Diana,  near  Artcia,  took  office  after  killing  bis 
predecessor.  Before  doing  this  the  candidatd  was  obliged  to  bteaka 
bontfh  from  a  sacred  tree  in  the  grove,  identified  with  the  Golden  Bongh 
plucked  at  the  Sibyl's  bidding  by  j^oeas  before  eatering  apon  bis 
jouruey  to  the  world  below.  The  two  questions,  why  was  the  priest 
obliged  to  kill  his  predecessor  T  nod  why,  before  killing  him,  was  he 
obliged  to  pluck  the  Golden  Bought  drive  the  author  to  consult  the 
whole  body  of  knowledge  recently  accumulated  in  comparative  religion. 
Tlie  lower  forms  of  auimittora  are  qaite  familiar  to  Professor  Frater, 
who  explored  them  in  the  preparation  of  bis  well-known  work  entitled 
Votemism. 

Sir  MoDier  Williams  bas  placed  within  the  reach  of  English-speaking 
people  a  study  in  comparative  religion  in  his  work  on  Buddhism  in  its 
connection  with  Brahmanism  and  Hinduism  and  in  its  contrast  with 
Christianity.  There  is  no  better  example  of  the  amenability  of  Bncb 
matters  to  scientiflc  treatment  than  isfurnished  by  Buddhism.  Atfiret 
it  was  not  a  religion  at  all.  It  recognized  no  spirit  world ;  it  had  no 
ecclesiastical  organization,  no  places  of  worship,  uo  cult  whatever. 
Out  of  itself  partly  and  in  its  association  with  surrounding  religions  it 
became,  in  the  north  especially,  the  most  complicated  and  exacting  <tf 
cults  founded  upon  spirit  worlds  of  countless  number,  of  every  variety 
of  inhabitants  intimately  associated  in  every  conceivable  way  with  tlie 
people  of  the  earth.  The  study  of  Buddhism  is  a  chapter  in  the  natural 
history  of  religion. 

The  American  Folk-lore  Society  held  its  annual  meeting  in  Colombia 
College,  New  York,  under  the  presidency  of  Dr.  Daniel  G.  Brinton. 
The  report  of  the  conncil  gave  the  most  flattering  account  of  the  pros- 
perity of  tbe  organization.  A  movement  was  made  toward  enlarging 
the  scope  of  the  society's  publications. 

The  folklorist  needs  no  better  guide  than  tbe  Journal  of  Anterieam 
FoJk  Lore,  edited  in  Cambridge,  Massachusetts,  by  W.  W.  Newell. 
Original  papers  of  great  merit  till  the  body  of  the  numbers,  bat  reviews 
of  current  literature  and  a  list  of  all  publications  upon  the  subject  put 
the  student  at  once  into  communicMtion  with  Lis  colleagnea. 

In  tbe  same  manner  the  R^ue  de  V  HUtoire  des  Religions,  published 
under  tbe  auspices  of  the  Muat^'e  Gnimet,  in  Paris,  takes  notice  of  all 
current  literature  on  the  natural  history  of  religions.  It  is  a  gaide 
book  to  this  branch  of  science.  During  the  current  year  this  periodical 
enters  its  twenty-first  volume.  The  Annates  da  Mas^  Guimet  are 
devoted  to  memoirs  too  long  and  technical  for  the  R^cue. 

Mr.  Francis  C.  Macauley,  of  Philadelphia,  has  conceived  the  idea  of 
a  folklore  moseum.  In  pursnance  of  his  suggestions  Mr.  Colin  pub- 
lished a  paper  in  the  Journal  of  American  Folk-Lore,  and  organized  a 
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department  devoted  to  tbis  sabject  iu  tbe  Museum  of  Aruhnology  of 
the  University  of  Peunsylvania. 

Attention  is  called  to  tbe  foDowiog  titles :  Aryan  Cosmogony,  Teck- 
enstedt;  Buddhism,  Griffin,  Williams;  Comparative  Keligion,  Frazer; 
Diabology,  Jewett;  Evolntiou  of  a  Sect,  MeGee;  Folklore,  Newell; 
Humanities,  Powell;  Mythology  of  tbe  Henomoni,  Hoffman;  Natural 
BeligioD,  MuUer;  Polytheism  in  China,  Lyall ;  Prayer  Among  tbe  Hin- 
dos,  Bouasel;  Primitive  Keligion,  Scburtz;  Religion  of  the  Semites, 
Lloyd ;  Taoist  Religion,  Benton. 

X.— MAN  AND  KATUEE. 

Prof.  S.  S.  Sfaaler  published  a  series  of  papers  on  America  in  its  re- 
lation to  civilization,  iucludiug  aborigina]  life  as  well  as  that  of  tbe 
white  race.  One  of  tbe  most  interesting  chapters  in  this  study  is  that 
vbich  relates  to  the  change  from  agricultural  to  hunting  life  wrought 
in  the  aborigines  by  the  invasion  of  the  buffalo ;  or,  rather,  it  might 
be  called  the  reciprocal  action  of  bnfiialo  and  Indian.  The  burning  of 
forests  encouraged  tbe  growth  of  grass;  tbis  invited  the  buffalos ;  they 
enticed  the  farmer  from  his  stone  hoe  and  laborious  husbandry  to  take 
Dp  the  spear  and  tbe  bow.  Meat  was  easier  to  procure  than  com ; 
farthermore,  the  bnfEalo  destroyed  the  corn  and  left  tbe  farmer  nothing 
ebe  to  do  but  to  pursue  the  occupation  of  Nimrod. 

M.  Marcelin  Boule  brought  together  in  I/Anthropologie  (I,  8&~103)  a 
series  of  reviews  on  quaternary  geology  in  its  relation  to  the  antiquity 
of  man.  Tbis  list  includes  Forsyth  Major,  on  the  Mammalian  fauna  of 
tbe  Yal  d'Arno  {Quart.  J.  Oeol.  Soc,  Lond.,  XLi,  p.  1) ;  A,  J.  Jukes- 
Browne,  on  the  Bowlder  clays  of  Lincolnshire  {id.,  114} ;  Aubrey  Stra- 
bem,on  the  Glaciation  of  South  Lancashire,  Cheshire,  and  the  Welsh 
Border  (id.,  SLil,  309)  -,  R.  M.  Dilley,  on  the  Pleistocene  succession  in 
tbe  Trent  Basin  (id.,  XLli,  437) ;  J.  Prestwich,  on  the  Date,  duration, 
and  Gonditious  of  the  glacial  i>erio(l,  with  reference  to  tbe  antiquity  of 
njan  (id,  xLiii,  393) ;  T.  Mellard  Beade,  on  Ad  estimate  of  postglacial 
limes  (id.,  XLlv,  291);  Rev.  O.  Fisher,  on  the  Occurrence  of  elephas 
meridionalis  at  Dewiest,  Dorset  {id.,  xi.it,  818) ;  .T.  R.  Kilroe,  on  Direc- 
tion of  ice-flow  in  the  north  of  Ireland  {id.,  XLiv,  827);  James  Croll, 
on  Prevailing  misconceptions  regarding  the  evidence  which  we  ought 
to  expect  from  former  glacial  periods  {id.,  XLV,  220) ;  J.  Prestwich,  on 
the  Occurrence  of  paleolithic  implements  iu  the  neighborhood  of  Ight> 
ham,  Kent  (id.,  xlv,  270) ;  Henry  Hicks,  on  the  Oac  Gwyne  Cave, 
Sorth  Wales  {id.,  xlit,  561). 
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A  PRIMITIVE   TJBN  BURIAL. 


By  Dr.  J.  F.  Sntdsb,  Virginia,  Oa»t  Oounty,  IlUnoit. 


On  the  broad  alluvial  plaiD  in  the  sontheastern  part  of  the  State  of 
Georgia,  tiirough  which  the  Altamaha  river  takes  its  courBe  to  the  sea, 
at  a  point  a  mile  aatl  a  half  oorth  of  that  stream  and  nearly  a  mile  from 
the  Savannah,  Florida  and  Western  Railway,  there  is  a  small  natural 
elevation  of  the  groand  rising  a  few  feet  above  the  geoeral  level  of  the 
river  valley.  On  the  top  of  this  hii^her  groand  is  one  of  the  nameroas 
ladian  bnrial  monnds  of  that  region,  measuring  some  26  or  30  feet  in 
diameter  at  the  base  and  S  or  10  feet  high  at  its  center.  Id  Febrnary 
last  (1890)  in  making  an  excavation  in  the  western  edge  of  this  moand — 
not  for  arch^oiogical  investigation,  nor  by  archteologists, — a  few  inches 
b«lov  the  snrface  the  spade  broke  into  a  hollow,  spherical-looking 
object  that,  on  inspection,  proved  to  be  the  round  bottom  of  a  large 
earthen  pot  which  had  been  baried  there  bottom  ap.  The  solid,  bard- 
packed  earth  in  which  it  was  imbedded  was  then  carefally  removed  and 
the  vessel  was  lifted  oat  of  its  long  resting  place.  Much  to  the  surprise 
ofthe  explorers  another  qnainC  earthen  vessel  was  discovered  within 
the  larger  one.  This  smaller  one  was  standing  upright  on  the  natural 
inrface  of  the  ground,  securely  covered  and  inclosed  by  the  large  pot 
that  had  been  placed  inverted  over  it,  affording  it  perfect  protection 
from  moisture  as  well  as  from  the  pressure  of  the  earth  forming  the 
moDod  heaped  over  it  (Fig.  1.)  On  examining  the  smaller  vase  it  was 
fbnod  to  be  nearly  half  full  of  fine  white  ashes  interspersed  with  calcined 
fragments  of  human  bones,  comprising  the  charred  teeth  and  cremated 
skeleton  of  an  adnlt  individual.  Lying  on  the  surface  of  these  remains 
*ere  a  quantity  of  small  perforated  bone  beads  (wampum),  among  which 
Idiseovered,nuiform  in  size  with  the  beads,  several  smalt  pearls  that 
had  been  pierced  through  the  center  for  the  purpose  of  stringing,  with 
the  beads,  in  the  form  of  a  necklace  or  other  ornament.  Whether  the 
motnid  presented  any  peculiar  features  in  its  construction  I  have  been 
HOable  to  learn ;  and  no  further  exploration  of  it  has,  to  this  time,  been 
made. 

The  large  pot,  which  I  have  sncoeeded  in  completely  restoring  (Fig. 

2)  is  bell-shaped,  quite  symmetrical  in  proportions,  and  measures  15| 

inches  in  height  and  exactly  the  same  in  width  across  the  mouth.    It 
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is  made  of  compact  clay,  unglazed,  lianl  barned,  and  of  tbe  onifonn 
thickness  of  a  fraction  more  than  the  fourth  of  an  inch.  About  tiie 
bottom,  both  inside  and  ont,  it  presents  by  discoloration  nomistakable 
VTidence  of  having  been  sabjected  repeatedly  to  tbe  action  of  fire,  prol>- 
ably  for  oooking  food.  Its  internal  surface  is  very  even  and  regnlar 
and  bas  tbe  appearance  of  having  been  smoothed  by  the  hand,  as  fingf  r 
marks  are  faintly  discerned,  particalarly  about  the  upper  portion.  Tbe 
onteide  ia  roughened  by  being  ornamented  all  over  with  a  continnoiu 
repetition  of  the  peculiar  design  shown  in  detail  in  Fig.  3,  which  dosbt- 
less  was  impressed  upon  the  soft  clay,  before  it  dried,  with  a  stamp  cut 
in  intagUo,  thos  leaving  the  figure  on  the  vessel  in  relief,  or  "  raised." 

The  smaller  vase,  in  which  the  ashes  of  tbe  dead  had  been  deposited, 
is  plain,  smooth  inside  and  out,  glossy  black  in  color,  thoDgh  not  glazed; 
is  thinner  and  more  compact  in  textnre  than  the  lar^e  one,  looking,  at 
first  glance,  as  if  molded  of  papier  mSeh4.  It  is  free  from  ornaments- 
tion  of  any  sort,  and  was  burned  hard  after  drying.  In  Fig.  1  it  is  r^ 
resented,  as  is  also  the  covering  vase  (Fig.  2),  one-eighth  actaal  site. 
Obtasely  pointed  at  the  bottom,  of  oonoidal  form,  it  rapidly  enlarges  to 
near  the  top,  and  contracts  again  for  an  inch  and  tbree-foarths  to  the 
mouth;  graceful  in  contour,  and  almost  mathematically  true  and  reg- 
alar  in  every  proportion ;  it  is  13  inches  broad  at  the  widest  part,  11} 
inches  high,  and  11}  inches  across  the  opening.  Tbe  fact  that  in  each 
of  these  earthen  vessels  their  height  and  diameter  across  the  month  ut 
exactly  equal  in  measurement  may  be  only  an  accidental  coincideoec, 
but  wonld  seem  to  indicate  that  certain  definite  principles  or  mice  it 
the  plastic  art  guided  the  ancient  potters  in  shaping  their  vessels. 

We  are  reasonably  sure  that  the  wheel  and  latbe  were  unknown,  ss 
appliances  in  the  manufacture  of  pottery,  to  the  primitive  Amerieaa 
Indians.  But  they  must  have  employed  adequate  substitutes  forthem; 
for  without  mechanical  aids  of  some  description  the  wonderful  pro- 
ficiency attained  by  some  of  the  tribes  in  the  ceramic  art  is  dtfflcalt  to 
explain.  In  the  early  settlement  of  the  country,  about  tbe  saline 
springs  in  Southern  Illinois,  Western  Virginia,  and  other  localitiet, 
Dumeroas  fragments  of  very  large  earthen  vessels  were  found  scattered 
about  over  extensive  areas  adjoining,  many  of  them,  when  entire,  3 
or  i  feet  in  length  or  in  diameter  and  a  foot  or  more  in  depth.  They 
doubtless  were  made  and  used  by  the  Indians  as  evaporating  pan* 
for  obtaining  salt  from  the  salt-impregnated  water  of  tbe  springs. 
These  rude  earthen  kettles  were  plain  on  the  inside,  but  iuvariably 
bore  on  the  outside  the  distinct  impression  of  some  kind  of  woven  fab- 
ric. They  excited  the  curiosity  and  astonishment  of  the  backwoods- 
men; and,  at  a  later  time,  taxed  tbe  ingenuity  of  the  scientist  to  dis- 
cover the  method  by  which  the  ancient  artisan  shaped  and  maaipnlatfd 
ancb  unwieldy  masses  of  soft  clay  and  supported  them  in  place  wbHt 
dryioK.  This  problem  was  solved  satisfactorily  a  few  years  ago  by  Hr. 
George  E.  Sellers.    In  his  valuable  paper  on  "  Aboriginal  Pottery  of 
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the  Salt  Springs  ia  IlUDois,"*  be  quoted  the  opinions  of  the  late  dis- 
tiQgnished  antiqoariaus,  J.  W.  Fofiter,  ll.  d,,  aod  Dr.  Cbas.  Baa, 
that  "  the  earthenware  has  evidently  been  molded  in  baskets,"  an 
impracticable  method  because  of  the  impossibilitj',  as  Mr.  Sellers  iwinta 
out,  of  "  keeping  in  form  and  ItDing  with  heavy  claj  fragile  baskets  of 
the  laige  size  of  these  old  salt  kettles."  He  then  states,  "  1  discovered 
(at  the  salt  springs  near  the  Saline  Biver,  in  soathern  Illinois),  what 
at  first  I  took  to  be  an  entire  kettle  bottom  up ;  but  ou  removing  the 
earth  that  covered  it,  it  appeared  to  be  a  solid  mass  of  sau-dried  clay. 
From  its  position  among  heaps  of  clay  and  shells,  its  hard,  oompaot, 
4in!olored — I  may  say  almost  polished — surface,  I  became  satisfied  it 
was  a  mold  on  whioh  the  olay  kettles  had  been  formed,  precisely  as 
ID  loam-molding  at  the  present  day."  The  soft  olay  was  retained  in 
properpositioo  on  the  mold  with  bandages  of  coarse  textile  fabric  that 
left  their  impression  on  the  pottery,  similar  to  the  imprint  that  baskets 
of  the  same  textnre  wonld  make  if  the  plastic  ohiy  had  been  pressed 
against  their  inner  sarfooe.  This  very  simple  method  of  casting  the 
large  salt  kettles — on  the  outside  of  the  pattern — was  probably  the 
same  adopted  in  making  the  larger  of  the  two  pieces  of  pottery  from 
the  Georgia  burial  mound  (Fig.  2.).  In  its  constrnction  the  clay  when 
soft  mnst  have  had  firm  support  on  the  inner  side  to  resist  the  pressure 
necessary  to  imprint  its  exterior  surface  with  the  carved  type.  When 
dried  snfficientiy  to  retain  its  form  the  vessel  may  then  have  been 
lifted  from  its  mold  and  smoothed  on  the  inside  with  water  and  the 
open  band.  In  shaping  the  smaller  vase  the  thin  sheet  of  ton^h  clay 
vas  no  doubt  taken  off  the  molding  block  while  yet  pliable  and  its 
npper  margin  drawn  in  gradually  by  careful  manipnlation.  A  slightly 
vriokled  appearance  of  the  indrawn  margin  of  the  opening  bears  evi- 
dence of  this  process. 

There  is  no  good  reason  for  believing  that  these  two  pieces  of  earth- 
eovare  were  made  purposely  for  tbe  inhamation  of  the  incinerated 
remains  they  finally  inclosed,  though  they  are  in  every  respect  so 
remarkably  well  adapted  for  that  use.  By  placing  the  conical  vase 
npright  on  a  support  a  little  more  than  an  inch  in  thickness,  and  invert- 
ing the  large  pot  over  it,  the  receding  rim  of  the  vase  exactly  fits  in 
the  curving  side  of  the  pot,  as  is  shown  in  Fig.  1 ;  the  one  covering 
the  other  so  accurately  as  to  well  nigh  exclude  the  passage  of  air  be- 
tween the  parts  in  contact.  And  this,  I  have  been  informed,  was  their 
relative  position  when  recovered  from  the  mound.  This  vase,  though 
"new"  and  exhibiting  no  iudications  of  previous  use,  is  of  a  type — 
'lMpJb«>ra-like— quite  common  among  tbe  earthenware  of  the  pottery- 
making  pre-Oolumbian  Indians.  Tbe  large  pot,  or  kettle,  as  before 
Mated,  bears  evident  marks  of  long-continued  use  in  domestic  or  cul- 
inary service. 

*  PopnUr  SoleQM  Uoatbl;,  1877,  vol.  ii,  p.  673,  «l  ««g. 
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The  exterior  orDamentation  of  this  large  kettle  ia  ebown  io  detul, 
drawn  of  actual  size,  by  Fig.  3.    Tbe  dark  lines  are  in  relief,  BtaodiDg 
out  level  with  the  origiual  aurfaee  of  the  clay  when  molded ;  the  wbite 
spaces  show  the  faee  of  the  carviog  that  sank  its  impreesiOD,  the  six- 
teenth of  au  inch  in  depth,  in  the  yielding  mass.    It  will  be  obeervol 
in  this  aniqne  design  that  a  well-defined  cross  appears  ia  each  circle    ; 
surroanded  by  the  intsncatfi  acroll  lines.    The  flgare  of  the  cross  is  b; 
DO  means  uncommon  in  tbe  works  of  art  of  the  ancient  races  inbabit- 
log  America  before  the  historic  period.    It  has  been  fonnd  fashioned 
in  stone  and  copper,  engraved  on  abell  and  bone,  and  in  colore  on  pot- 
tery vases  and  bottles — not  to  mention  the  famous  earving  at  Palenqae. 
Its  presence  among  the  relics  of  the  mounds  has  oecaaioned  mouh  spec- 
nlation  and  diecussion,  in  tbe  main  with  no  other  basis  than  IndnroDa 
flints  of  the  imagination.    At  this  late  day  the  fanoifnl  theory  of  a 
pre-Golnmbian  propagation  of  Christianity  in  America  by  the  Apostle 
Saint  ThfNDas,  sapported  at  one  time  by  such  distingnisbed  sebtrian  as 
Professor  Tiedemann,  is  scarcely  worth  a  passing  notice.    *'  It  has  been 
shown  by  the  preceding  ezamples,"  remarked  Dr.  Okas.  Baa,*  wbieh 
coald  be  multipUed,  if  it  were  deemed  necessary,  that  the  cross  wts 
recognized  as  a  symbol  among  the  more  advanced  oattoas  of  America.*  I 
Gomara  says  the  knowledge  of  the  cross  as  a  religions  emblnn  hnl 
penetrated  all  Spanish  America  before  its  discovery  and  conquest;  and 
adds,  "This  veneration  of  tbe  cross  made  them  (the  Indians)  aote  i 
ready  to  adopt  the  Obristtan  symbol."    This  rabbish  has  vantsbfd  ' 
before  tbe  mareh  of  arebsecologioal  soienee,  together  with  the  grandeor 
and  Bidendor  of  the  "  coltured,  semi-civilized  moond  builders."    Tbe 
"  sign  of  the  cross,"  carved  and  sketched  by  tbe  early  mound-building 
Indians,  is  now  [woperly  coneidered  a  meaningless  figure  of  ornunenta- 
tiou  adopted  by  crude  savages  because  of  its  simplicity  of  execntioit- 
This  advaneed  opinioa  is'  well  expressed  by  Prof.  F.  W.  Pnteam,  in 
mentioning  a  copper  ornament  of  oroes  shape  fonnd  in  an  old  Indian 
grave  in  Tennessee.    He  says :  "  I  think  it  mast  be  placed  in  tlie  same 
category  with  tbe  '  Tablet  of  tbe  Oross '  at  Palenqne,  and  be  regarded 
as  an  ornament  made  in  its  present  fwrn  simply  because  it  was  anetey 
design  to  execute,  and  one  of  natural  conception." 

Known  instances  of  the  preservation  of  cramattd  human  remuns  in 
earthenware  vases,  by  onr  prebistoric  Indians,  are  very  rare,  it  w^ 
the  custom  of  some  tribes  to  bnm  their  dead  collectively.  "Tbe  prBotioe 
of  reserving  the  skeletons,"  says  Col.  0.  0.  Jones,  lx.  D.,f  "nntil  thry 
bad  mnltiplied  suGictently  to  warrant  a  general  cremation  or  iahnraUHHi 
seems  to  bare  been  adopted."  They  were  then  bnmed  all  together  and 
tbe  seething  pyre  was  covered  with  earth,  heaped  np  into  a  moand,  to 
be  never  ^ain  disturbed.  "  Burial  vases,"  be  adds,  "  incloeiog  hnmsD 
boues  (not  bnrued)  have  occasionally  been  found  in  the  grave  monodsof 

*  The  Paleuqae  tablet,  p.  43.  t  AatiqnttiM  of  Soattwra  ladiaiw,  p.  190. 
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Teoiieseee,  Alabama,  Florida.  Mississippi  and  Sonth  Garolina."  And 
he  relates,  on  pages  455, 456  of  his  valoable  work,  a  very  iDterestinj; 
accoont  of  the  recovery  irom  a  small  shell  moaud  on  Colonel's  Island, 
JQ  Liberty  Connty,  Georgia,  of  a  barlal  am,  inclosed  id  two  others,  con- 
taining the  boueaof  a  yedDg  child. 

Tbe  nni-barial  from  the  Altamaba  monnd— the  sobject  of  this  paper- 
is  original  in  design  and  remarkable  for  its  Ingenioae  simplicity.  The 
pottery- ware  is  practically  imperishable;  and  sealed  almost  hermetically, 
u  were  the  ashes  of  the  dead  they  contained,  in  that  region  where  frost 
18  scarcely  koowD,  they  most  have  endared  forever  bat  for  some  coa> 
TuUion  of  nature — or  the  implements  of  civilization.  The  presence,  in 
tbe  funeral  vase,  of  small  pearls  with  the  wampnm  beads,  and  the 
chalk-like  condition  of  both,  attest  the  antiquity  of  this  singular  sepal- 
chral  deposit.  Pearls  were  worn  as  personal  ornaments  in  great  pro- 
fiieton  by  the  Indians  of  easteru  Georgia  when  De  Soto  came  among 
ttaeiD,  in  1540.  The  Gentleman  of  Elvas  says  that  II  boshels  of  them 
vere  found  by  the  Spaniards  in  one  charnel-hoase  at  CoCachiqui. 
Pickett  remarks,  in  his  History  of  Alabama,  "There  can  be  no  doabt 
about  tbe  qnantity  of  pearls  found  in  this  State  of  Georgia,  in  ]d40,  bat 
they  were  of  a  coarser  and  less  valuable  kind  than  the  Spaniards 
sapposed.  The  ludians  nsed  to  perforate  them  with  a  heated  copper 
Bpjudle,  and  string  them  round  their  necks  and  arms  like  beads." 

CentarieH  have  pass*  d,  with  their  ceaseless  changes,  since  the  hands 
of  affection  placed  those  venerated  ashes  of  the  dead  and  bead  ornaments 
in  that  moand-covered  crypt  of  clay  pottery;  and  they  who  monrned 
OD  that  occasion  have,  ages  ago,  been  resotv^  into  dast;  hot  in  these 
omple  relics,  they  left—as  legible  as  though  graven  in  letters  on  polished 
marble — a  record  of  their  crude  religions  feelings,  of  their  child  like 
faith  and  reverence,  and  of  their  very  baman  yearnings  for  life  ever- 
lastiog. 

KoTE. — Since  this  paper  was  written  the  moond  in  which  the  pottery 
vessels  and  incinerated  human  remains  were  fonnd  has  been  thoroughly 
explored;  and  nothing  ftirtber  was  discovered  but  a  bed  of  ashes  and 
charcoal  od  the  ground  surface  in  the  center  of  the  tamulns. 
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By  OsoBOB  A.  AXLXN,  Colorado  Biter  Agency,  Colorado. 


Although  the  Mohaves  are  giving  np  many  of  their  aaperstitioDs, 
wme  of  them  still  cling  to  the  teacbiaga  of  tbeir  anceators.  They  cre- 
mate their  dead,  the  faneral  pyre  being  made  ready  for  the  corpse  as 
soon  as  life  is  extinct,  and  the  body  is  placed  od  the  pile  of  wood  pre- 
pared, while  all  the  fHeoda  and  relations  of  the  deceased  gather  around 
and  set  up  a  pitifal  moan.  Formerly  they  barned  all  the  property  of 
tbe  deceased,  and  oftea  the  moarners  would  contribute  ererytbing 
tiiey  possessed  to  thcr  fiames,  thereby  showing  the  affeotion  and  grief 
they  felt  for  the  dead ;  bnt  this  custom  is  not  much  practiced  at  the 
present  time.  The  women  usually  contributed  a  portion  of  their  bair 
to  the  flames — that  is,  those  who  belonged  to  the  immediate  family  of 
the  deceased — and  would  even  sometimes  throw  themselvea  on  the  fire, 
BQch  was  their  grief. 

While  they  bave  but  little  reverence,  they  believe  there  is  a  God, 
vhom  they  call  ^Ia^o-we-lia,  and  that  He  is  the  maker  of  all  things; 
that  fle  has  a  son,  whom  they  call  Has-zam-ho,  who  is  king  of  de- 
parted spirits.  Mat-o-we-lia  condacts  the  movements  of  the  snn,  moon, 
aod  stars;  sends  the  rain,  sunshine,  etc.  Mas-zam-bo  baa  full  charge 
of  affairs  In  heaven,  or  "White  Monntain,"  as  they  call  it. 

Tbey  believe  the  apirits  of  tbe  dead  go  up  to  the  "White  Mountain" 
in  smoke,  and  that  all  the  property  destroyed  in  the  flames  with  tbe 
deceased  will  go  with  him  to  tbe  "White  Mountain,"  where  pots  are 
constantly  boiling  with  something  to  eat. 

They  had  formerly  an  annual  hnrniDg  of  property,  and  all  wonld  con- 
tiibote  something  to  the  flames  in  expectation  of  Its  going  up  to  their 
departed  friends.  This  practice  is  entirely  discontinoed  on  the  reser- 
vatiOD,  but  is  still  kept  np  by-the  Yumaa  at  Fort  Tuma,  and  by  tbe 
Uobaves  at  Needles  and  Fori  Mohave,  off  the  reservation. 

They  also  have  a  belief  that  all  tbe  Mobaves  who  die  and  are  not 
cremated  turn  into  owla,  and  when  tbey  hear  an  owl  hooting  at  uight 
tbey  think  it  ia  the  spirit  of  some  dead  Mohave  returned.  They  are 
also  saperstitions  aboat  eating  any  kind  of  food  that  tbey  are  not  ao- 
cnstomtMi  to.  Tbey  will  not  eat  tbe  meat  of  the  beaver,  claiming  that 
if  they  did  tbeir  necks  woold  swell.    This  belief  was  bronght  about  l^ 
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tbe  circatDAtance  of  some  one  hsving  poisoned  beaver  for  their  hides, 
»nd  the  Indians  who  ate  of  tbe  flesh  were  poisoned  and  died;  henoe, 
they  think  all  beavers  are  bad. 

After  one  dies  tbe  frieuds  do  not  eat  salt  nor  wash  tiiemselves  far 
foar  days.  Bat  these  snperstitions  are  iast  disappeariog,  and  in  afew 
years  most  of  them  will  have  died  out  altogether.  The  medioine  men  are 
most  instmrnental  in  keeping  them  alive. 

They  formerly  practiced  polygamy,  but  this  is  now  discontuoed. 
Their  marriage  ceremony  is  a  very  simple  one ;  they  merely  agree  to 
live  together  as  man  and  wife,  seldom  separating  after  sach  an  agree- 
ment is  formed. 

They  regard  the  hieroglyphics  found  on  rocks  as  being  the  relics  of 
some  distinct  race,  of  which  they  have  no  tradition  whatever.  Their 
animal  nature,  like  that  of  all  aborigines,  predominates,  and  tftey  are 
most  happy  and  contented  when  Uiey  have  plenty  to  eat  The  children 
are  rather  brigfatand  inclined  to  learn  when  their  minds  are  not  diverted 
by  play.  When  allowed  to  recreate  they  play  some  kind  of  game  from 
early  morn  until  bed-time. 

Some  of  tbe  women  do  very  artistic.worfc  in  beads  and  pottery;  they 
also  weave  matting  from  cottonwood  bark.  The  meequite  bean  is  their 
principal  food  in  winter;  this  tbey  gaUier  and  put  up  in  large  willov 
baskets,  which  they  place  upon  platforms  for  storage.  The  screw  beans 
they  put  into  a  kind  of  kiln,  and  thas  it  goes  throng  a  sweatisg 
process  before  they  are  osed.  Tbey  bave  tbe  metate  for  grinding  wbeat, 
corn,  beaus,  et«. 

Ohief  Hook-o-row  is  tbe  bead  of  the  Mohave  tribe,  and  he  is  a  good, 
peaceable  Indian,  but  not  very  progrcsaive,  being  inclined  to  tftke  life 
rather  easy. 

Like  all  Indians  they  hare  plenty  of  d<^,  and  will  divide  theor  last 
meal  with  them.  Tbe  children  are  all  called  "  Peet,"  until  t^y  airire 
at  about  four  or  five  years  of  age,  when  they  are  provided  with  a  uaae. 

Tbey  live  in  sweat-houses  in  winter  aud  under  open  sheds  in  sammer. 
Those  who  go  to  the  railroad  towns  and  mining  camps  soon  beoone 
demoralize*!  with  whisky  aud  contaminated  by  tramps. 

With  proper  means  of  irrigation  and  instruction  as  to  farming  tbey 
would  soon  become  a  thriving  community. 
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Tbe  First  International  Congress  of  Criminal  Antbrc^wlog;  was  held 
at  Home  io  1886.  It  opened  a  new  epoch  in  the  history  of  crime,  it  was 
proposed  to  investigate  crime  scientifically,  biologieally,  fundamentally; 
to  iuvestigate  it  in  its  origin,  its  canses ;  to  determiDe,  if  possible,  what 
share  or  proportion  of  responsibility  therefor  belonged  to  tbe  criminal, 
and  what  to  the  public.  As  the  canses  were  to  be  Investigated,  so  also 
^«K  tkb  cures.  What  effect  did  pnuisbment  have  for  the  prevention 
ot  crime  f    What  good  conld  be  done  by  education  T 

I  fonnalate  eome  of  the  propositions  with  regard  to  the  commission 
and  prevention  of  crime  and  show  the  relations  of  different  methods 
to  the  end  sought  to  be  attained. 
L— The  eommivioii  of  oriine — bow  indDC«d  : 

1.  By  beredity. 

2.  Byedncstioti: 

u.  EnvironmoDt, 

h,  SocioloKtc  inflneoeea,  ehiefiy  in  youth. 
e.  Eoonomic  iDflaenDos;  u poverty,  famino,  Ac 
IL—Ths prevention  of  ciimtt 
1.  Bj  fearof  pauUbmeDt: 

a.  EieeBtion. 

b.  ItaprimDDtant. 

c.  Fine. 

3.  By  Katniot : 

a.  IiuprJMDmeat  in  reformktory  iDstltatioDS. 

b.  Educatiod. 

Ill-— Pot  tb«  prevention  of  crime  which  had  its  eanw  in  heredity : 

1.  Hoatnint  or libert;  (of  the  born  criminsl)  before  omnmiatl on  of  any  erime; 

thia  for  the  individaal  xnd  for  effect  in  the  pfeaent. 
3.  ReatraiDt  of  marriage  or  the  preventioD  of  the  birth  of  children  who  are  eer> 
tain  to  become  criminaLi. 
IV'.— Beformation  of  crimioala : 

1.  By  pneiabmeat  after  tbe  commission  of  crime. 

2.  Restraint  before  the  cammiaaion  of  crime. 

3.  BdncatinD  : 

a.  Ueligiion  and  morala. 
6.  At  home. 

c.  Ateharch. 

'A  report  on  tbe  Second  InterDational  ConxTess  of  Criminal  Anthropology,  held  &t 
Piris,  Augnst,  lSd9.  By  Thomas  Wilso.v,  i.i-  p.,  carator  of  prefaletorio  antkropol- 
iftjoHhi  U.  S.  National  Hnseun,  appointed  ua  delbgate  from  the  gmlthaoDlan  Jnati- 
tutioo  to  the  aald  ConKieaa.  ,  -  , 
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d.  Id  pftTOchial  schoola. 

e.  Pabllo  sahools : 

TeobnioaL 
HftDuaL 
Kight  schools. 

The  OoDgreas  of  Borne  of  18S5  a^joarned  to  meet  in  Paris  upon  the 
occasion  of  the  French  Exposition  in  1889,  from  August  10  to  17  incla- 
sive.  The  opening  session  was  held  at  the  Palace  Trocadero  under  the 
presidency  of  the  minister  of  Justice  and  Worship,  and  Keepw  of  the 
seal. 

The  following  officers  were  chosen : 

Sonwrary  prmide»tt :  HM.  TbeveDet,  KeaiMi  of  the  SmI,  Minister  of  Jnstioe  tad  of 
Worship, France ;  Benedikt, Piafeaaor  of  tbeUDirenity  of  Viaiuik,Aiutri«;  Bnua^ 
del.  Dean,  Profeasor  of  Medical  Jmispmdeiioe  at  the  Facnltr  of  Medicine,  Pwii, 
France ;  Demango,  Avooat  in  tfae  Coart  of  Appeals  of  Paris,  Member  of  the  Conncil 
of  Order,  France;  Ferri  (E.)  PtofesBor  of  the  Univerelty  of  Rome,  Dfipatyofthe 
Italian  Parliament,  Italy;  Oarofalo  (Baron),  Tice-Preaideat  of  the  Civil  Tribaaal 
of  Naples,  Italy ;  Hakim  (Johu),  Pieeident  of  the  National  Italian  Committee  of 
the  Unirersal  Exposition  of  Paris,  Official  Delegate  of  the  Committee  of  the  Itabaa 
Congress,  Italy ;  Hamel  (van),  Professor  of  the  UniversitT  of  Amsterdam,  HoUand;  '. 
Ladame  (Doctor),  Professor  of  the  University  of  Geneva, Switzerland ;  Lombrow 
(Cesare),PTofeeeorof  MediealJariBpradence,  Tario,  Italy;  Holeschott,  ProCsssngf 
the  University  of  Borne,  Senator  of  the  Kingdom,  Italy ;  Somiti  (Doctor),  Tliifiiis 
at  the  Unlvenity  of  Pisa,  Icaly  ;8emal,  Director  of  the  Asylam  for  the  Insane,  Uoh, 
Belgiam;  Talsdris  (Alvarez),  Dean  of  the  Bar  at  7alladlolid,  Spain;  Tarde,  Jndj[e«l 
Instinotion,  Sarlat  (Dotdogne),  France;  Dr.  Lorenzo  Tenchini,  Profeasor  at  th* 
University  of  Parraa,  Italy;  Wilson  (Thomas},  Attorney  of  the  Snpreme  Conit, 
Curator  of  the  Department  of  Prehistocio  Anthropology,  U.  8.  NaUonal  MoKiua.  ' 
Washington,  D.  C. 

Pratidmit:  M.  Bonsael  (Doctor  Tbeophlle),  Senator,  Member  of  the  Aeftdemy  <d 
Medicine. 

Fie»-pretident» :  MM.  Lacaseagne  (Doctor),  ProfeaaoT  of  Medical  JnriapmdnMe  of 
theFacaltyof  Lyoa(Bbone);  Motet  (Doctor),  Medical  Gipert  of  the  Xrihanab  tA 
Paris. 

Oeweral  teontarg :  M.  Hagitot  (Doctor),  Member  of  the  Aeademy  of  UedieiiM,  An- 
cient President  of  the  Society  of  Anthropology  of  Paris. 

BeeorUng  »eer«tari«i:  UU.  Bertlllon  (Alpbonss),  Chief  in  the  Serviee  of  Ideotil- 
cation  of  the  Prefectnre  of  the  Police  in  Paris;  Bonmet  (Doctor),  Saereiary  aoi 
Editorof  the  Archives  of  Criminal  Anthropology  of  Lyons;  Contagne  (Doctor  Beoh), 
Medical  Expert  at  the  Tribunal  of  Lyons;  Haoonvrier  (Doctor),  Professor  in  the 
School  of  Anthropology  at  Paris. 

The  official  delegates  were  as  follows : 

A^utria-Hungary :  M.  Benedikt,  Profesoorof  Nenropathology  at  the  Univenity  af 
Vienna. 

Bttgiitn :  Dr.  Semal,  Director  of  the  State  Insane  Asylnm  at  Hons ;  Dr.  de  SnsA, 
Professor  in  the  University  at  BrnMcls. 

Braiil :  Coancillor  Ladislas  Natto,  Director  of  the  Mosenm  at  Bio  Janeiro. 

Demnarlc:  Hansen  (Soren),  CopenhBgen. 

[7«llwl  Statu:  Dr.  Tboinas  Wilson,  Cnrator  of  Prehistoric  AnthropoU^y,  U.  S.  ; 
National  Museum,  Delegate  of  the  Smithsonian  Instltotion;  Clark  Bell,  bq.,  Da)»  , 
gat*  of  the  Society  of  Medical  Jnrispmdenoe  of  TSvw  Tork. 
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Amm:  HM.  Dr.  Lftouaftgne,  Delegate  of  tbe  Booiety  of  Anthropology  at  Lyoaa. 
br.  LetoDTne»n,  Delegate  of  the  Society  of  Antbroplogy  of  Paria. 

BmMii:  M.  H.  de  Vorigny. 

Rullaad:  IC  Hwnel  (van},  Profeawr  of  the  Law  Faonlty  of  Ansterdun. 

/U^:  Hakim,  (John),  Preeident  of  the  ItftUao  Committee  »t  the  Exposition  of 
hru. 

Mmtt:  U.  E.  Baphftel  de  Zayaa  Enriqaec. 

Pitngnag:  H.  Dr.  Haasler. 

PtTK  MM.  Dr.  Unniz,  Sargeonof  the  Army  in  Peru. 

Svtmania :  H.  Dr.  Iscovesoo ;  Dr.  Sonteo,  Profeoeor  of  Legal  Medicine  at  tbe  Fae- 
Dltj  cf  Hedieioe  at  fiaoharest. 

Auria;  H.  Dr.  W.  de  Dekterev,  Delegate  of  the  Society  of  Public  Hygiene,  of 

Stnia :  Milenko  Veaoitch,  Doctor  of  Law. 

Smidim:  H.  Dr.  Q.  Betsim,  Delegate  of  the  Society  of  Anthropology  of  Stockholm. 

Tbere  were  tweDty-two  ooantriea,  represented  by  193  delegates.  At 
the  opening  sessioD  addressea  were  made.  First,  a  welcome  by  the 
Hiniater  of  Jostice,  by  Dr.  fironardel,  and  Dr.  Th.  Bonssel,  which  were 
responded  to  on  behalf  of  the  foreign  delegates  by  M.  Moleschott,  presi- 
dent of  the  OongresB  at  Borne.  Tbe  meetings,  after  the  opening  session, 
were  held  in  tbe  amphitheater  of  tbe  Faculty  of  Medicine,  the  same 
place  as  had  been  held  the  Congress  of  Hygiene  and  Demography. 

The  qnestioQB  proposed  by  the  committee  of  organization  to  be  dis- 
enssed  by  the  Congress  were  as  follows,  the  preparation  of  papers 
thereon  having  been  assigned  to  the  persons  whose  names  respectively 
follow  them : 

The  first  series ; 

SiCTlOlt  L— CKItnVAL  BlOLOOT. 

I.  The  Latest  DiscoTeries  in  Criminal  Anthropology.     Prof.  Cea.  Lombroso, 

University  of  Tnrin,  and  Prof.  L.  Tenohlni,  University  of  Pamia. 
II.  Do  Criminals  Preoeat  any  Pecniiat  Anatomic  CharactereT    If  so,  haw  can 

we  diaeoTer  them  T    Dr.  Manonvrier,  professor  of  the  School  of  Anthro- 

polofty  of  Paris, 
m.  EfftabliebmeDt  of  Oeneral  Bales  for  InTeitlgBtIng  the  OccnpaDts  of  oar 

Priaonfl  and  Insane  Aayinms  by  means  of  Antbropometry  or  Payohology. 

Prof.  Sciamanna,  of  Bome,  and  Lawyer  Virgilio  Boesi. 
IV.  The  DeterminiDg  Conditions  of  Crime  and  their  Belatlre  Talnea.   Prof.  E. 

Ferri,  depnty  Italian  Parliament  and  professor  of  Criminal  Law. 
V.  Tha  Infancy  of  Criminals  Considered  in  its  Belation  to  Predispoaition  to 

Crime.    HH.  Prof.  Bomeo  Tavemi,  Catania,  and  Dr.  Uagnan,  Director 

of  the  Asylam,  St.  Anne. 
VL  Organs  and  Foncttons  among  Criminals.   HH.  Dr.  Ftigerio,  of  Alexandria, 

and  Dr.  Ottolenghi,  of  Turin. 

SicTnOM  II.— CBDn  m  its  Rei.&tiof  to  Sociologt. 

VII.  Tbe  Determination  by  Means  of  Criminal  Anthropology  of  the  Varions 
CI  allies  of  Delinqnente.    Baron  Oaiofalo,  president  of  tbe  Civil  Tiibanai, 
Naples. 
Vm.  Conditional  Liberation.     Dr.  Semal,  director  of  the  State  Insane  Asylam, 
HmiB,  Belgium. 
EX.  CrtBw  In  its  Belation  to  Ethnography.    Dr.  Alvarez  Taladric,  Uadiid. 
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X.  MonlBMpoiuWUty;  What  are  ita  Foandstiow  t    It.  Tat^B,  inig^tt  it- 
stinotioD,  Sarlat  (Dordogne). 
XL  Criminal  Prooem  f^om  aSociologicPoint  of  View.    M.G.A.PagUMa,U«* 
yei,  Triaui,  Italj'. 
XII.  Tbe  BelatioD  of  Criuloal  Antbropology  to  I^Uiatkm  and  QoMtliMat 
Civil  EJKbta.    H.  Avocat  Fioretti,  of  Naples. 

XIII.  I'he  SfsteiD  of  Solitary  CoDflaaiDMic  in  Ite  Belathin  to  Biologr  a^  BoM- 

ogy.    Prof,  van  Ramel,  of  Amtterdam. 
Questions  proposed  b;  volunteers : 

XIV.  AtaTiBin  Among  Criminals.    Dr.  Broaardel,  pntfiaaoi  of  tlw  Sobool  of  i>- 

tkropol^y  of  Paris. 
XV.  Criniinal  Authropology  considered  as  a  branch  of  General  AnthrofelagT. 

Dr.  Hanoavrier,  profaaBor  of  the  Sehool  of  Antlunpology. 
XVI.  The  Teaching  of  Antbropologio  Boieucee  in  tbe  Law  Sobools  and  CdkCM. 
Profaasor  Looaasagne,  of  Lyons. 
XVII.  Antbropometry  as  Applied  to  Young  Peraoos  from  15  to  20  T«an  of  ip- 
M.  Alp  home  Bertillon. 
XVIII.  The  Employment  of  tbe  Uetbods  of  Criminal  Anthropology  io  tbe  Aid  tf 
the  Police  and  Anosla  of   Criminals.    Avooat  Anfosao  and  FtofMot 
Romiti. 
XIX.  Tbo  Correctional  Education  and  Reform  of  Criminals  in  Acoordauee  «itk 

Biology  and  Sociology.    Dr.  Motet.  Paris. 
XX.  Perversion  of  Affeations  and  Moral  QaiditieB  in  Infants.     Dr.  Uagnao,  b- 

eane  Asylum  of  St.  Anoe,  Paris. 
XXI.  Mental  Degeneration  and  Slnmlatiou  of  Intanit;  ;    Beoiprooity  betwwn 

them.    Dr.  PanlGaraier. 
XXI!.  Influence  of  the  Professions  on  Criminality.     Dr.  Henri  Coatagns,  Ljn.    ^ 

XXIII.  The  DegeneratiTC  Characters  and  Biologic  Anomalies  Among  Criminsl    ' 

Women.    Drs.  Belmoodoand  A.  Marro,  Italy. 

XXIV.  Vegetative  FnnoUons  Among  Criminals  and  Iiwane.    Dts.  Ottolengbi  sad 

Rivono,  Italy. 
XXV.  Canses  and  Remedies  tot  tbe  Repetition  of  Crime  by  tbe  Same  PsnoM.   . 
Avocats  Banilai  and  V.  Rossi. 
XXVI.  Political  Crime  from  the  Standpoint  of  Antbropology.    Arocat  LaMbf.        ' 
XXTII.  Criminal  Sociology  in  its  Application  to  Jnriapradence.     U.  Pierrs  Su- 

raato,  jadgeof  the  Tribanat,  Perignenz  (Dordogne). 
XXVIU.  Criminal  Anthropology  in  its  Relation  to  Sociology,     Avoeat  A.  de  BtJIs. 
XXIX.  Criminal  Anttiropology  in  Egyptian    Sooiety  in  Antiquity.     M.  OUinv 
Beaur^ard,  of  Paris. 
XXX.  Moral  and  Criminal  Responsibility  of  Deaf  Motes.    M.  Oiaapietn,  of 

Naples. 
XXXI.  The  Relationsof  Criminal  Anthropology -with  MedicalJnrispradenco.    Dr. 
ZoGcarelli,  of  Naples. 
XXXII.  Tbe  EITect  and  Modes  of  Application  of  the  Penal  Law  Aooording  to  tte 
Standard  or  View  Point  of  Criminal  Anthropology.    H.  Tittorto  (Hirieri, 
of  Verona. 

XXXIII.  Criminal  Sociology.    Dr.  Col^anni,  of  Catania,  Sielly.  i 

XXXIV.  The  Contagion  of  tbe  Crime  of  Murder.    Dr.   Anbiy,  of  Saint  BritM, 

XXXV.  Political  AasaasinB— a  Medico -Physiologic  Stody.     Dr.  Bagia. 
XXXVI.  The  Role  of  Woman  in  the  Redactioti  of  Crime.     Dr.   (of  taw)  Josept 
d'Agnanno,  of  Palermo. 
XXXVII.  Medio- Physiologic  Observations  on  the  Criminals  of  Rnarift.     M.  J.  0^ 
ohanski,  professor  of  tbe  University  of  Cbackow. 
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The  diaenssions  of  the  con(n«fl8  were  opened  at  ita  secoud  aessMB, 
Hondsy  atorniag,  August  12,  by  Signor  Lombroso,  upon  the  first  ques- 
tion, "The  Latest  Discoveries  of  Criminal  Anthropology ."  His  diBcan- 
Bioa  Mon  developed  the  fact  that  there  were  two  great  partiea  in  this 
congress.  One.,  which  was  led  by  Lombroso,  and  might  be  called  the 
Italian  sobool,  for  it  comprised  a  great  proportion,  tboogb  not  all,  of 
tbe  Italian  delegates;  and  the  other,  lead  by  Dr.  ManoDTrier,  to  whom 
adbered  the  majority  of  the  French  delegates. 

QHe»tio»  1, — Signor  Lombroso  said  a  Qreek  philosopher  in  moving, 
prored  the  fact  of  movement,  and  it  is  so  te  day  with  the  discoveries  of. 
crimiDal  anthropology.  These  discoveries  prove  the  existence  of  the 
wienee  better  than  the  most  rbetorioal  amplifications.  The  most  impor- 
tant problem  of  the  last  congress,  then  only  half  resolved,  has  been  eom- 
plebed  by  the  stndies  of  Verga,  Brunati,  Marro,  BatI,  Goosate,  Tonnia, 
Pinero,  andby  himself.  The  nnmberof  cases  of  epilepsy  with  intervals 
of  eonacioDsness  has  been  extended  by  genealogic  studies  of  epileptic 
families,  by  their  derivation  ftvm  criminals,  from  consnmptives,  from 
aged  pu^nts,  accompanied  with  the  predominance  of  awkwardness  and 
clnmsiBKSs,  by  frequent  vertigoB,  occasional  delirium,  ete.  The  occa- 
lUaai  cases  of  epilepsr  without  absence  of  moral  sense,  but  with  erei  h> 
ism  or  exaggerated  sensibilities,  explains  how  some  persons,  criminals 
beeaase  of  their  passion,  have  many  times  an  nnconscionsness  of  their 
own  criminal  aets.  The  role  of  epilepsy  extended  iteelf  into  the  cate- 
gory of  the  criminal  insane,  principally  among  the  victims  of  alcohol- 
i)m,the  hysterics,  and  other  monomaniacs.  One  has  only  to  take  the 
ebart  of  Esgairol  on  the  homicidal  monomaniacs  to  find  the  manifesta- 
tion and  extent  of  psychic  epilepsy. 

The  "  criminals  of  occasion,"  studied  anthropologically,  have  shown 
in  themselves  (as  one  can  say  in  tbe  language  of  bacteriology)  attenu- 
ated, bat  nevertheless,  distinctly  visible,  characters  of  t^e  bom  crimi- 
Dal. His  sensibility  is  less  obtuse,  his  reflexes  less  irregolar,  tbe  anom- 
dylees  fteqaent,  especially  in  the  skull,  but  they  have  always  the 
ebiu^cters  of  the  criminal  bom  in  some  degree,  sach  as  the  blackest 
bair  in  the  servant  who  is  a  thief,  awkwardness  more  frequent  amoug 
tfae  swindlers,  and  that  they  are  all  more  governed  by  impulse. 

In  my  study  of  the  photographs  taken  by  Hr.  Francis  Galton,  said 
be,  I  have  found  in  eighteen  skulls  of  condemned  persons,  two  types 
vbieh  resemble  marvelously  and  with  an  exaggeration  which  is  evident, 
the  characters  of  the  criminal  and  approaching  those  of  the  savage. 
I'nntal  sinnses  well  marked,  cheek  and  jaw  bones  very  large,  orbits 
large  and  distant,  an  nnsymmetrical  face,  the  nasal  overture  of  aphe- 
leiform  type,  and  lemurian  attachment  of  tbe  under  jaw.  The  other 
sknlls  of  the  swindlers,  thieves,  and  robbers  gave  to  me  a  type  leespre- 
eiu,  but  the  want  of  symmetry,  the  great  siiie  of  the  orbits  and  tbe 
prominence  of  the  cheek  bones  were  well  marked,  though  less  ^an  in 
Uie  former  oases.    The  anomalies  were  less  marked  than  intheeighteeo 
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skolls  above  mentioiied.  This  discovery  appears  to  me  to  bave  u 
importance  not  at  first  seen,  for  it  servea  to  iDcrease  the  significadoa 
and  importance  of  the  statistics  of  anthropometry.  In  order  to  obtua 
reliable  indieatioua  we  should  investigate  only  homogeneoos  groapt. 

fiir.  Lemoiae  baa  pablisbed  in  the  Archives  d'Aathropologie  Criini- 
nelle  of  Lyon  an  anomaly  which  is  perhaps  unique :  The  anion  of  the 
frontal  lobes  foaod  id  an  ez-member  of  the  commune  who  died  ftthi» 
house  in  Lille. 

M.  Severi  has  shown  that  compared  with  the  normal  type  the  eriui- 
nals  have  a  great  capacity  or  size  aud  extent  of  the  fossettes  of  the  oei«> 
bellnm. 

Marino  has  demonstrated  the  diffasion  of  the  occipital  fossette:  23 
per  cent,  among  the  Papnans  and  '25  per  cent,  among  the  ]Sew  Zealaad- 
em,  while  he  has  confirmed  the  same  proportion  that  I  have  foond 
among  the  Europeans  and  among  the  criminals. 

Joly  has  confirmed  the  strange  phenomenon  that  the  pbysiognomj  of 
orimiuals  loses  the  stamp  or  type  of  their  nationality. 

Ottolenghl  has  studied  and  developed  the  cnrions  oharaoteristics  of 
criminals  in  regard  to  baldness  or  gray  hair.  He  has  found  in  them 
an  enormous  retardation,  comparable  only  to  the  epileptics  and  idiots. 
He  also  found  the  wrinkles  to  be  more  numerous  among  criminals,  aod 
above  all  the  one  naso  labial,  which  he  remarked  as  a  oharaoterislie. 

The  female  criminals  differ  among  each  other  as  much  as  the  omo, 
and  these  characters  are  almost  entirely  absent. 

The  criminals  have  a  peculiar  geatioulation.  They  have  a  jargon  or 
dialect  among  themselves,  as  well  as  a  caligraphy,  which  latter  has  been 
confirmed  by  hypnotism. 

The  peculiarities  of  criminals  extend  even  to  their  art.  They  excel 
in  mechanics  and  in  their  preciaion  of  detail,  bat  they  lack  in  ideaU^. 
Tbe  study  of  molecular  changes  has  given  some  curious  resnlts.  The 
average  temperature  is  much  above  the  normal  in  criminals.  It  pm- 
sents  but  slight  variation  in  pyretic  maladies.  An  analysis  of  tbe  oriM 
of  cnmiuala  born  gives  a  greater  proportion  of  phosphoric  a«id  and  less 
of  azote. 

Xiombroso  did  not  contione  his  presentation  at  great  length  nor  with 
great  detail.  He  referred  his  audience  to  hla  last  book,  which  was  pnb- 
lished  with  the  maps,  scales,  and  tables  therein  set  forth,  and  he  declared 
his  unwillingness  to  take  away  from  his  colleagues  the  pleasure  whiek 
they  might  have  in  presenting  some  of  their  own  discoveries. 

Dr.  Manouvrier  followed  him  and  disputed  his  proposittoa,  and 
plunged  into  the  discussion  of  the  great  question  whether  crinio^ 
were  born  or  mada  He  pronounced  tbe  theory  of  his  opponents  to  bft 
but  a  recitation  of  the  exploded  science  of  phrenology,  which,  whatever 
good  it  may  have  proved,  was  compelled  to  fall  before  the  poverty  «f 
its  experimental  statistics  and  our  certain  knowledge.  He  admitted 
the  physiologic  and  anatomic  differences  mentioned  by  Lombroso,  bat 
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he  declared  them  to  be  differences  of  aaatomy  and  phyBiology;  that 
the;  belonged  aa  maoh  to  honest  men  as  to  criminals,  and  that  the  line 
of  differeuce  mentioned  by  Lomliroao  bore  no  relation  between  an  hon- 
est man  and  a  orimloftl.  These  were  Btmctnral  aad  other  differences  of 
pbysiology  and  anatomy,  white  crime  was  a  matter  of  sociology. 

Baron  Oarofalo,  Mil.  Drill,  Lacassague,  and  Benedlkt declared  their 
opposition  in  whole  or  in  part  to  the  theory' of  Lombroso.  M.  Drill 
reciilled  that  the  organization  of  man  was  far  from  being  simple, 
that  he  was  an  extremely  complex  being,  made  ap  of  many  component 
parts  and  that  hia  life  depended  npon  his  surronndinga,  his  edaeaCion, 
big  training,  his  companions,  and  Uiat  whatever  there  might  be  in  the 
phfjjical  or  anatomjctU  characteristics  of  a  man  which  would  point 
lovards  hia  crime  or  the  pcaaibilityof  its  commission,  tbateach  oftbese 
elements  entered  into  and  became  a  factor,  and  were  each  and  all  of 
them  to  be  considered  in  deciding  this  question. 

According  to  M.  Dekterew  the  sarrounding  circamstanoeH,  the  social 
condition,  of  man  played  the  greatest  rftle  and  bad  the  greatest  influence. 
H.  Pagliese  declared  crime  to  be  a  social  anomaly  and  the  consequence 
of  a  failure  of  the  criminal  to  adapt  himself  to  hia  social  surroundings. 
M.  Benedikt,  of  Yieooa,  was  of  the  opinion  that  criminals  were  sick 
mcD  either  in  t>ody  or  spirit ;  and  if  one  ezaminea  the  exterior  morpho- 
Mgio  signa  to  explaiu  and  acconut  for  the  existence  of  crime  in  the  con- 
ilact  of  a  given  man,  it  was  equally  necessary  to  investigate  the  mole- 
cular trouble  in  his  cerebral  strnctore.  He  declared  that  the  physiologio 
characteristics  were  a  greater  f^tor  than  the  anatomic,  and  this  it  was, 
with  the  favorable  social  surroundings,  that  made  the  assassin  or  the 
robber.  The  criminal,  said  he,  has  no  particular  stigma  or  mark  by 
which  he  can  be  known  ftY>m  other  men.  Sometimes  there  may  be  signs 
of  a  defective  organization,  but  these  are  marks  or  signsof  the  epileptic 
orof  the  inaane.  This  was  also  tbe  view  of  Tarde.  There  might  be 
ttttaia  predispositions  which  were  organic  or  possibly  physiologic, 
which  were  more  or  less  easily  developed  according  to  the  social  snr- 
roondings  of  the  individual  and  which  might,  under  favorable  eiream> 
stances  induce  crime. 

H.  Lacaasagne  ^reed  with  Tarde  that  in  considering  the  problem  of 
criminality  it  was  necessary  to  take  largely  into  account  tbe  social  influ. 
eaces.  Because  tliese  influences  and  surroundings  might  modify  the 
organic  characteristics  and  thus  create  these  anatomic  anomalies  which 
*ere  relied  npon  by  the  Italian  school.  In  order  to  study  the  criminal 
it  is  first  necessary  to  consider  his  surrounding.  It  is  not  atavism,  but 
the  social  BarronudiDgs,  the  social  condition,  which  make  the  crimiual. 
Uthe  condition  of  the  humble  and  tbe  poor  and  the  young  and  the 
ignorant  is  ameliorated  yoa  will  diminish  immediately  thearmyof  crim- 
ioals.  It  is  society  which  makes  the  criminals.  Society  has  only  the 
oiminids  it  merits.  Orimin^ity  was  above  all  a  social  qaestion.  M. 
I^acassagne  s^d  a&^stor  of  crime  too  much  neglected  was  misery, por- 
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«rty,  aod  he  declared  it  to  extend  backirards,  not  only  throngfaout  this 
life,  bat  miglit  have  been  derived  from  the  parents  especially  themottaw. 
Garofalo  disputed  tbe  asRertioa  uf  Lacassagne.  He  said  the  stattatio 
would  show  that  crime  was  ooiomitted  iu  equal  proportious  by  the 
peraoD  who  was  bera  uod  raised,  he  would  ootsay  in  aflSuence,  bat  in 
BQoh  cironmstauoea  aa  to  avoid  the  charge  of  poverty  or  misery,  aod  lie  , 
demanded  before  these  assertions  should  be  made  or  oouclusious  ac- 
cepted that  aocorate  statistics  shonld  be  furnished.  Madame  Clemeoce- 
Boyer  io  voknd  a  new  factor  in  tbe  genesis  uf  crime  which,  in  her  oi»inton, 
had  a  greater  responsibility  than  had  before  ever  been  attributed  to  it, 
to  wil,  hybridity — the  mixture  of  races,  the  mixtoies  of  the  blood  of 
different  races,  one  of  whiob  was  usually  if  not  always  an  inferior. 

M.  Uoleschott,  senator  from  Italy,  thanked  M.  Tarde  and  Dr.  Bene- 
dikt  for  having  spoken  of  the  molecular  movemeuts,  for,  said  he,  tbere 
is  tbe  question.  The  minute  researches  into  the  anatomic  couditioDS 
made  by  Lombroao  shonld  not  make  us  to  foi^et  the  different  stagesof 
life  which  are  presented  in  each  individual  aeoordiug  to  tbe  different 
conditions  of  bis  life  and  that  the  flrst  folse  step  has  been  approached 
on  an  infinite  scale.  A  more  or  leaa  degree,  however  small,  of  irrita- 
bility on  the  part  of  an  individual  may  result  in  a  duel  or  other  crime, 
beeanse,  according  to  tiie  words  of  oar  Lord  Jesus  Christ,  "  We  are  sU 
sinners." 

Dr.  Bronardel  said  that  in  order  to  resolve  tbe  problem  it  was  neoes- 
sary  to  apply  clinical  methods.  We  do  notsay  that  awok  man  basthe 
typhoid  fever  because  he  has  the  headache,  or  tbe  diarrhea,  or  oongb, 
or  fever  but  we  say  he  has  typhoid  fever  because  we  have  ^naped  bi« 
symptoms  and  according  to  their  existenoe  and  method  wid  the  time 
or  period  of  their  apparition  we  determine  that  he  is  ^Dieted  with  this 
malady.  Therefore  to  the  anatomic  stigmas  of  an  individual  it  is  neces- 
sary to  add  the  corresponding  psychologic  characters.  The  deliriiiD 
of  combaUvenesa  which  is  due  to  a  poison  produced  by  belladeuns  is 
not  a  cerebral  localization.  It  is  dne  to  a  modification  brought  by  the 
presence  of  the  agent  in  the  blood,  of  the  nutrition  of  the  entire  oen- 
bral  mass. 

M.  Ferri  declared  crime  to  be  a  phenomenon  extremely  complex. 
It  was  a  sort  of  polyhedron  of  which  each  person  saw  but  a  speoisl 
side.  Tbe  different  views  sustained  to-day  are  equally  true  and  jet 
equally  incomplete.  M.  Lombroao,  aaid  he,  brings  to  light  the  bio- 
logic side  of  crime ;  Drill  aod  Alariouvrier.  showed  the  social ;  Paglieae 
the  legal  view ;  Tarde  presented  tbe  physiological  side,  and  MoleeohoU 
and  Dr.  Bronardel  declared  crime  to  be  a  phenomenon  at  once  bidogtc 
and  social.  H.  Lacassagne  said  in  the  first  Congress  at  Rome  tiiat  ^e 
criminal  was  a  microbe  which  propagates  only  in  a  certain  oonditioa. 
Without  doubt  tbe  conditions  and  the  sarronndings  mi^etheoriminal, 
but  like  tbe  bouillon  without  microbes  within  it,  the  snironndings  with* 
out  crimes  are  poweriess  to  bring  forth  the  criminal. 
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As  tbe  bouillon  is  complementary  to  and  as  neceseary  aa  tbe  microbe, 
80  the  biologic  defects  and  the  Tavorable  liocta]  surroaDdiogs  are  the 
fuDdameutal  aspects  of  criminality. 

Quettion  II. — Do  orimiuala  present  any  peculiar  anatomic  cbaractergf 
If  80,  how  can  we  discover  Cbem  1  Dr.  Manoavrier  said  that,  in  order 
to  stady  the  anatomy  of  criiaiuals,  it  is  necessary  to  coodder  their 
pbysioiogical  elements,  and  to  divide  and  subdivide  those  elemeuta  iu 
tlio  attempt  to  attach  one  or  more  to  each  specific  crime  or  series  of 
crime.  It  is  necessary  first  to  discover  a  method  by  which  it  can  be 
determined  whether  criminals  differ  anatomically  from  honest  men, 
and  at  the  same  time  whether  criminals  differ  from  each  other,  and 
wberein.  As  soon  as  one  can  recognize  certain  special  anatomic  char- 
acters as  more  frequent  or  more  pronounced  among  criminals  or  among 
such  and  sacb  category  of  criminals,  one  will  tbea  be  in  the  right  path 
to  make  an  analysis  of  the  subject.  This  is  called  to-day,  iu  a  vagne 
and  indefinite  manner,  tbe  tendency  to  crime,  or  the  tendency  to  par- 
ticalar  crimes.  These  tendencies  ought  to  be  resolved  into  their  true 
plij-siologic  elements,  corresponding  to  certain  elementary  anatomic 
cliaracters.  But  tbe  problem  is  complicated  by  tbe  intervention  of 
aociologio  elements,  so  that  one  becomes  lost  iu  a  labyrinth  of  sjieca- 
UtioD.  If  one  Bopports  the  theory  that  criminals  are  bom,  it  is  bat 
a  retnm  to  that  ancient  bat  now  exploded  science  of  phrenology, 
which  firom  an  examination  of  the  head,  and  so  of  the  brain,  the  expert 
coald  determine  from  the  relative  size  and  value  of  what  be  called 
oi^ans,  the  virtuous  or  tbe  vicious  character  of  the  individual,  which  iu 
particular  cases  was  called  tbe  tendency  to  crime.  Dr.  Manouvrier 
ioBiated  that  this  theory  was  completely  exploded,  that  these  charac- 
teristics were  not  confined  to  criminals  nor  to  criminal  classes,  for  all 
tbe  anatomic  distinctions  and  psychologic  characteristics  quoted  by 
9igDor  Ijombroso  were  to  be  found  among  honest  men  as  well  as  amoug 
crinuuals.  And  be  argued  that  it  was  not  sufScient  that  you  should 
BdiI  a  greater  proportion  of  tbem  among  criminals  than  amoug  honest 
men.  If  Lambroso's  theory,  that  tbe  man  was  born  a  criminal,  was  to 
betaken  as  tbe  rale,  then  it  most  be  aniversal,  and  that  men  thus 
bom  inevitably  committed  crime.  If  it  be  the  rule  then  it  must  oper- 
ate in  all  cases.  That  it  did  not  so  operate  proved  that  it  was  not  the 
rule,  and  therefore  he  concluded  the  proposition  of  anatomic  character- 
istics peculiar  to  criminals  did  not  exist. 

Hanonvriet  asked  had  any  one  seen  an  anatomi*!  character  which 
wonld  serve  to  characterize  exclusively  tbe  criminals  of  any  certain 
category,  sacb  as  robbers,  thieves,  assassins,  burglars,  etc.  So  au- 
tbropologist  believes  )n  tbe  existence  of  such  a  character.  There  are 
many  epileptics,  drunkardSt  imbeciles,  degenerates,  and  inferiors  of  all 
sorts  who  bave  never  committed  a  crime ;  their  action  has  been  such 
w  that  they  stand  fair  to  the  community,  and  they  have  a  right  to  be 
Qlassed  with  honest  men ;  no  one  has  a  right  to  class  them  with  crimi- 
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uals.  If  HOme  of  them  bare  been  criminals,  who  caa  say  that  they 
would  Dot  have  been  honest  if  sabjeoted  ia  early  life  to  fkrorable  eda- 
cation  and  sooiologic  iofluenccsl  But,  on  the  contrary,  who  can  sa; 
what  may  not  become  of  the  man  who  has  a  eouud  mind  in  a  soond 
body  if  he  be  subjected  to  tbe  continued  pressure  of  adverse  socdologk 
surronndings.  Take  as  a  single  iltustratiou  the  feeble  craoiam  capac- 
ity which  is  not  without  certain  relation  to  feebleness  of  mind.  "Ria 
feebleness  of  mind  may  make  Its  owner  commit  crime  under  cet- 
tain  deplorable  circumstances,  but  at  the  same  time  this  may  render 
him  more  iuoflieusive  under  other  circumstances.  His  unfortunate  ui»- 
tomic  character  may  itself  conspire  to  make  bim  more  peaceable,  hon- 
est, and  Tirtnons.  In  any  event  it  would  be  hard  to  aflSrm  that  there 
was  a  greater  proportion  of  feeble-minded  men  among  honest  men  than 
among  dishonest  And  as  with  feeble-miadedness,  so  with  the  other 
anatomic  criminal  characteristics. 

Some  one  has  used  the  phrase  "  all  other  things  being  equal,"  a  mtn 
with  snch  and  such  anatomic  chanujteristics  would  be  more  Ukel;  lo 
become  a  criminal  than  a  man  with  other  characteristics.  Mauontria 
assailed  this  position,  saying  that  it  was  founded  in  error.  It  vu 
because  "  all  other  things  "  were  not  equal  that  the  man  became  crimi- 
inal.  He  asked  what  were  these  things,  and  suggested  the  infantile  life,  | 
familiarity  with  vice  and  crime,  thesnrroundings,  the  want  of  moral  train- 
ing, sociologic  conditions ;  and  these,  be  said,  were  the  conditions  vhidi 
produce  tbe  criminals  rather  than  the  anatomic  characters.  Heasswted 
that  the  man  with  cbaracteristica  tbe  opposite  of  Lombroso's  criminal,  if 
subjected  to  the  conditions,  influences,  and  temptations  which  lead  to-  j 
wards  crime,  was  as  likely  to  become  a  criminal  as  was  be  whopossesaed 
tbe  characteristics  described  by  Lombroso.  He  assailed  also  the  ides  of 
a  criminal  type  who  stood  for  the  criminal  classes.  He  declared  tliat,  in 
his  opinion,  there  was  no  such  type.  The  criminal,  tbe  thie^  mi^t 
have  a  bead  shaped  one  way  in  one  cose,  and  another  way  in  anotlier 
case,  with  crania  or  facial  anomalies,  with  deep  occipital  fassettee,  and 
so  forth.  But  these  did  not  form  a  type;  they  were  different  charac- 
teristics which  had  do  relation  to  each  other,  and  which  he  did  not 
believe  had  any  relation  to  crime  or  criminal  tendencies.  It  was »  i 
though  a  man  with  a  long  bead  commits  a  crime;  according  to  tliia 
theory,  that  forms  a  criminal  type.  A  man  with  a  broad  bead  coomilB 
a  crime;  that  forms  a  criminal  type.  And,  using  different  pecnUarititf 
as  illustrations,  where  a  man  with  long  arms  or  long  legs,  or  one  witli 
short  arms  or  short  legs,  commits  a  crime,  then  each  of  these  beeome 
in  their  turn  criminal  tyiies.  Thus  yon  have  as  criminal  t^pestiM 
long  and  tbe  short,  tbe  ronnd  and  the  square  head,  the  long  and  tb« 
short  arm,  and  the  long  and  the  short  leg.  Therefore  be  declared  bii 
opinion  that,  properly  speaking,  there  was  no  snch  thing  as  a  crininal 
type.  The  criminal  type  was  the  man  who,  having  submitted  to  tb  i 
sociologio  influence  of  crime,  having  been  born  and  r^sed  tbsrtta 
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and  always  aobmitted  to  tbein,  finds  himself  ia  an  atmosphere  of  crime 
to  which  he  adapts  bimself,  and  so  commits  it  in  the  same  kiad  of  way 
lis  be  breathes  the  air  of  the  ill-rentilated  teuement  bonse  or  cellar  in 
Khicb  be  lives.  Ia  order  to  create  a  type  there  must  be  a  continuaUon 
of  characteristics,  a  recarrence  in  given  directions,  which  is  repeated 
agaiit  and  again  notil  it  becomes  fixed,  and  the  required  characteristioB 
are  manifested  in  every  normal  iodividoal  of  each  geueratioD.  This 
fcois  a  type:  wilboat  this  continned  re-appearance  of  cbsraoteristics, 
no  type  is  formed. 

Haooavrier  declared  that  do  account  had  been  taken  of  the  different 
kiadsof  crimes,  crimes  which  were  different  ia  their  motives,  reqair- 
iug  different  kinds  of  individaals  to  commit  them,  and  that  a  type  for 
one  woDld  not  stand  as  a  type  for  the  other.    He  divided  these  thns: 

First:  Strange  crimes,  those  inexplicable  to  the  nonnal  man,  saoh 
uvere  committed  by  the  insane,  by  the  epileptic^  idiots,  and  the  de- 
liriODs.    This  ground  belongs  to  pathology  and  to  teratology. 

Second :  Crimes  committed  auder  the  iutlaence  of  passing  troubles 
or  deliriam,  such  as  anger,  drunkenness,  jealousy,  fear,  etc.  It  is  neo- 
eesary  to  distinguish  in  these  criminals  thus  deranged  whether  they 
be  babitaal  or  accidental;  that  is  to  say,  the  irascible,  the  habitual 
draokard,  tbe  insanely  jealoos,  etc 

Third :  Tbe  crimes  accomplished  in  cold  blood,  after  a  certain  fash- 
ion—deliberate, intentional,  with  malice  aforetbongbt;  aud  he  asserted 
that  it  was  to  tbe  latter  class  and  to  that  alone  the  investigations  of  this 
eoDgrees  should  be  confined.  To  the  two  others  it  went  withont  say- 
ing that  they  might  have  had  predispositions  to  crime  as  they  bad  pre- 
dispositions to  the  various  maladies  which  influenced  them  to  crime, 
Bome  of  which  tbey  conid  possibly  avoid,  others  of  which  they  possibly 
coald  not.  In  these  cases  it  was  the  malady  that  caused  tbe  crimes, 
for  which  it  was  responsible,  and  that  the  crime  in  these  categories 
Via  not  tbe  deliberalA  act  or  intent  of  the  criminal. 

The  distinction  between  the  normal  and  the  pathological  state,  based 
on  a  physiological  analysis,  is  indispensable  in  the  study  of  this  sub- 
ject But  to  do  this  satis^torily,  how  great  the  difflcnltyT  If  this 
bedifflcnlt,  how  impossible  to  classify  properly  the  doubtful  and  inter- 
mediate casesT  Without  these  doubtful  and  intermediate  cases  being 
hilly  dassifled  we  will  have  naught  but  pbysiological  disorder.  It  is 
meeflsary  also  to  distinguish  physiologically  and  anatomically  between 
the  normal  and  tbe  abnormal  state  (this  of  the  same  persons  t).  Pbysi- 
obgically  it  is  abnormal  to  murder  or  to  rob  without  motive,  or  at 
least  without  other  motive  than  tbe  mere  pleasnre,  whether  it  be  the 
gratification  to  tbe  crimiual  or  the  pleasore  he  may  receive  to  see  an- 
other suffer.  But  one  mast  be  an  optimist  to  believe  that  it  is  abnor- 
mal to  covet  the  property  of  another,  and  so  coveting  to  seek  to 
^■propriate  it.  It  is  idle  not  to  recognize,  in  addition  to  the  imperfec- 
tions of  haman  nature,  the  pernicious  influence  that  is  exercised  by 
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the  evil  edacatlou,  the  evil  examples,  the  natural  or  factitioos  Deeds, 
the  aedootive  occasions,  the  improper  liasons,  the  repagnance  to  Mwr, 
the  pleasares  of  idleness,  the  apparently  uatural  williagness  to  oat  tlw 
bread  and  enjoy  the  froita  of  another's  labor,  or  the  aatisfacUon  of  > 
former  escapade  which  brought  profit,  and  went  onpanisheil;  and,H 
a  word,  it  is  nselesa  to  refuse  to  reeogoize  the  thoasand  different  socio- 
logic  conditioDB  which  may  serve  to  form  a  million  of  combinatioiu, 
any  of  which  may  lead  towards  crime.  With  what  care  is  one  not 
obliged  to  guard  the  cbild  and  the  yonog  person  from  the  hfudwiag 
effect  of  evil  influences  or  from  thecorrnptiooof  his  childish  innooenoe 
and  innate  honesty  and  virtue  by  the  persuasions  and  example  of  eril 
associates. 

Without  donbt  tiieft  appears  execrable,  while  murder  is  borrible,  to 
those  yooDg  persona  who,  thanks  to  a  careful  ednoation  or  the  preoe))ti 
of  a  good  mother,  or  the  inflnences  of  aChriatiaufiiunily  and  surroniid- 
ings,  have  acquired  the  habits  and  situation  of  honest  people;  and, 
nevertheleas,  one  can  easily  imagine  a  combination  of  clreamataDcet, 
an  acquaintance  with  vice  and  crime,  by  which  such  an  iudividnal  hu 
or  may  become  a  criuaioal. 

Vice  is  a  monster  of  sooh  hideons  mien. 
That  to  tie  batod  needs  bat  to  be  seen ; 
Yet  seeu  too  oft,  femili&r  with  ber  face, 
We  first  endnre,  then  pity,  then  embrace. 

And  there  are  all  sorts  of  crimes,  and  that  which  might  be  do  tempta- 
tion in  one  case  might  be  overpowering  in  another.  With  all  tiieso 
difScultiea  is  it  not  impossible  by  any  system  of  classiflcatiou  to  diav 
the  line  between  a  normal  and  an  abnormal  physiologic  state,  which 
will  separate  the  criminal  classes  from  the  hoDest  men  t 

We  have  still  to  cooaider  that  there  are  many  physiologic  pecal- 
iarities  which  become  good  or  bad  qunlities  according  to  the  circnm- 
stances,  and  these  circumstances  are  simply  the  surroundings,  theenn- 
ronment.  An  amorous  temperament  might  be  highly  appreciated  and 
complimented  in  one  case,  and  yet  become  extremely  daogerona  io 
another.  The  audacity  and  courage  which  might  be  a  source  of  pride 
iu  the  soldier,  would  become  execrable  on  the  part  of  a  robber.  An 
excellent  salesman,  the  sncceaaful  drummer,  the  best  newspaper  re- 
porter, might,  with  a  change  of  circumstances,  a  ohauge  in  hia  sat- 
roundings,  his  environment,  become  a  most  dangerous  swindler,  or  the 
beat  mechanic  may  become  a  most  dangerous  bank  burglar  or  coante^ 
feiter;  and  hia  eminence  in  crime  is  attained  because  of  bis  apparently 
natural  excellencies,  which  might  have  made  him,  and  which  went  so 
for  towards  making  him,  an  honest  and  successful  man. 

Crime  is,  therefore,  not  necessarily  bound  to  physiologic  pecnliaritice, 
nor  is  it  produced  by  abnormal  or  disadvantageous  anatomic  characCem 

It  muat  be  remembered  that  the  man,  healthy  and  normal  though  ka 
be,  is  not  a  man  without  faults  or  without  tendency  to  vice.    To  aedt 
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fortbU  is  to  seek  for  tbe  impossible.  All  meQ,  hovever  honest  or  vir* 
taooB,  will  be  found  to  bare  some  defect  or  some  vice,  otherwise  they 
TDold  be  perfection,  which  ia  not  to  be  expected  of  haman  nature. 

A  defect  or  a  vice,  whether  anatomic  or  physiologic,  does  not  become 
an  aaomaly  simply  because  one  finds  it  in  a  criminal.  ADatomlcally 
tbe  Game  remark  is  to  be  made;  we  do  not  consider  as  abnormal  or  in- 
ferior every  man  who  is  not  perfect. 

Dr.  Hanonvrier  proceeded  to  examine  the  reenlts  of  anatomic  re- 
Bearcbes  made,  op  to  tbe  present  time,  upon  crimiDals. 

No  one  has  yet  accomplished  or  disoorered  an  anatomic  character  by 
which  the  crimioa)  can  be  classified  into  categories,  like  robbers,  swiu- 
dlera,  barglars,  etc.  Tbe  most  one  can  doin  investigating  the  tendency 
to  crime  by  the  examination  of  the  criminal  himself  ia  to  seek  for  tbe 
gpeoifle  characteristics,  bat  even  these,  if  foand,  do  not  prove  that  they 
are  specifically  criminal  or  special  to  criminals. 

All  that  can  be  done  in  this  direction,  and  it  is  quite  another  question 
from  tbe  former,  is  to  discover  if  tbe  criminals  examined  present  cer- 
tain abnormal  anatomic  characters  more  frequent  and  in  a  bighei*  de- 
gree than  honest  men.  To  answer  either  affirmatively  or  negatively 
ia  to  the  whole  aggregate,  or  even  to. the  average,  would  be  a  hardy 
and  eran  dangerous  undertaking.  There  are  honest  men  who  are  af- 
fectetl  in  all  tbe  unfortunate  and  much  to  be  regretted  ways  suggested 
V  Signer  Lombroso — epileptics,  imbeciles,  degenerates,  and  even  tbe 
Ticiona  and  inferiors  of  all  sorts ;  while  those  who  have  been  classed  as 
booest  men  are  capable  of  becoming  criminals  ot  the  darkest  dye,  and 
bave  Qo  more  morality  or  virtue  than  the  most  incorrigible  robber  and 
thief. 

Dr.  HanoUvrier  referred  again  to  the  saying,  *'AI1  other  things  being 
^ual,"  the  abnormal,  the  inferior,  etc,  were  more  likely  to  become 
criminals,  etc.,"  bnt"  he  demanded,  "is  it  certain  that  all  things  are 
eqoalfortbe  criminal T"  It  is  in  vain  that  we  have  remarked  the  small 
number  of  individuals  becoming  criminals  out  of  each  hundred  persons 
^objected  to  these  defective  sociologic  circumstances.  The  eonditlous 
and  circumstances  which  are  so  difficult  to  weigh,  and  above  all  the 
infinitely  variable  combinations,  whether  taken  by  themselves  or  by 
their  complex  tendencies,  have  a  different  effect  upon  each  Individual. 
Among  a  hundred  individuals  thus  environed,  is  it  not  possible  to  be- 
lieve that  the  ten  or  twenty  who  become  criminals  are  those  which  have 
been  subjected  to  the  combinations,  sociologic  aod  pbysio-sociologic, 
:be  moat  evil,  tbe  most  powerful,  and  the  most  effective  in  leading  them 
n  the  wrong  path  f  It  is  therefore  wiser  to  permit  tbe  facts  to  decide 
iach  case  for  itself. 

Tbe  docaments  published  are  numerous,  but  they  are  not  yet  snffi- 
ient  to  convince  an  iucrednlous  anthropologist  who  finds  himself  op- 
wsed  to  either  view,  and  who  proposes  to  examine  tbem  critically. 
)ccasionally  monstrous  criminals  have  been  exhibited,  but  that  does 
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not  prove  that  criiuiDals  are  anatomic  monstera,  luid  no  moredoeafte 
fact  that  some  criminals  are  epileptios  prove  that  all  crimiiulBan 
eptleptios,  nor  that  epileptios  become  criminals.  The  atatistiea  <At- 
tfuned  and  the  averages  songht  to  be  established  have  heen  bucd 
upon  ingatBcieot  data.  The  series  have  not  been  anffldeDtly  extoided, 
ttie  figoj-es  have  been  obtained  by  defective  processes,  the  obiervt- 
tions  have  been  uncertain  and  different,  and  the  observers  or  iDveati- 
gators  have  been  novices  in  many  oases,  and  in  others  have  proiseeded 
npon  different  lines,  if  not  by  different  processes,  each  one  of  tfaen 
more  anoertain  and  defective  than  the  oUter.  They  have  cited  iotig- 
nifloant  differences  which  they  say  exist  between  honest  men  sad 
criminals,  but  which  differences  may  be  found  in  eqoal  proportion 
unoug  honest  men,  if  they  were  so  examined,  and  might  also  be  fixuid 
between  criminals.  They  have  compared  the  series  of  oriminala  witb 
series  of  soldiers;  that  is  to  say,  with  men  who  are  ehoseo  for  tkeir 
exemption  from  infirmities  or  deformities,  and  have  oaloulated  tlw  ' 
relative  freqaency  of  these  deformities  in  the  two  series,  or  to  tbe  . 
series  of  the  two  classes  without  regard  to  tbe  difference  in  their  eoB-  ' 
dition.  They  have  cited  cranial  pecaliarities  observed  by  diffemt  i 
persons  operating  in  different  methods  and  by  differwit  mles,  with 
different  standards.  And  from  all  these  discordant  and  inharmoDiooi 
elemeute  they  have  sought  to  establish  averages  in  tbe  mpeetin 
classes  whether  of  criminals  or  of  honest  men. 

In  spite  of  all  this  incoherence  and  erroneous  and  defective  ptooen,  | 
whether  of  gathering  &cts  and  obtaining  evidence,  or  of  ralioeinatKni, 
they  have  obtained  statisticB,  which,  aided  slightly  by  pieeoneeivtd 
opinion,  have  almost  persnaded  some  of  onr  wisest  and  best  men  tbit 
the  criminal  classes  present  in  their  average  a  proportion  of  i^Qoniial 
or  inferior  characters  greater  than  those  belonging  to  tbe  classes  of 
honest  men.  The  number  of  these  abnormal  or  inferior  ebusden 
are  mnltiplying  themselves  day  by  day  in  the  estimation  of  these  viw 
men,  and  this  is  being  pushed  to  such  extremes  as  that  soon  the  mu 
who  is  believed  to  be  honest  will  find  himself  possessing  a  half  doKD 
of  these  criminal  characteristics.  Thus  the  system  is  in  danger  of 
breaking  down  of  its  own  weight. 

We  might  with  propriety  ask,  what  oouatitotes  a  criminal  type!  If. 
in  making  this  examination  of  criminals,  one  nuites  the  characlen 
abnormal,  pathologic  or  inferior,  taken  in  an  examination  of  si?  > 
thousand  criminals,  without  considering  and  arranging  upon  tbe  other 
side  the  oharaoters  found  therein  which  are  incompatible  with  laA 
other,  it  will  be  apparent  that  the  investigation  will  be  without  n\ot 
and  the  conclusion  based  thereon  erroneous.  One  orinunal  is  plap^ 
cephalic,  another  has  long  arms,  another  a  vermien  fossette,  etc  Bat 
it  is  not  any  one  of  these  that  forms  a  type  whether  oriminal  or  otbs- 
wise. 

In  order  to  form  a  type  one  should  unite  the  common  obaractcn,  (fi- 
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nlnatiDg  the  aoomalous  and  pathologic  maDifestatioos.  In  order  to 
obtiUD  an  abnormal  type,  it  is  necessary  to  choose  for  each  species  of 
anomalies  or  alteration  an  individual  in  vbicb  tbis  anomaly  or  altera- 
tion tB  well  oharact«rized,  and  then  there  will  be  as  many  types  as 
tiiere  are  sorts  of  aDomalies  or  alteralioas.  We  therefore  can  not  have 
a  type  criminal  any  more  than  we  can  have  a  tj'pe  of  hnmao  monsters. 

In  order  to  characterize  criminals  in  general,  it  is  necessary  to  ob- 
tun  the  averages,  which  can  be  compared  witli  the  averages  of  other 
individaals  of  the  same  race,  the  same  sex,  the  same  social  class,  etc. 
These  latter  imlividuals  most  themselves  be  the  average  of  their  respec- 
tive race,  sex,  or  class,  and  their  averages  thus  taben  shonld  become 
the  type  or  standard. 

Honest  or  virtuoos  men  (a  category  not  less  vague  than  that  of 
criminals)  will  then  be  without  doubt  the  metatypic.  But  these  have 
not  yet  been  studied  nor  their  type  settled.  Nevertheless  it  is  these 
netatypes  that  we  shonld  compare  anatomically  with  the  criminals 
if  we  would  make  comparison  between  the  anatomic  characters  of  the 
tvo  classes.  Who  form  this  class  of  honest  and  virtuous  men  that 
fnrnish  tlie  standard  by  which  tbe  criminal  classes  are  to  be  judged  f 
They  may  be  idle,  vicious,  evil  disposed,  imbecile,  passionate,  brutal, 
and  all  that,  if  they  have  but  escaped  being  declared  by  tbe  law  to  be 
cdmiiialB.  In  this  condition  of  affairs  is  it  possible  that  any  one  can 
determine  anatomically,  or  physiologically,  or  psycho-aooiologically 
whnt  physical  characteristics  form  a  criminal  type  of  mant 

What  are  the  resnltsl  This  is  a  question  to  be  resolved  by  anatomic 
anthropology,  of  which  the  comparative  anatomy  of  criminals  is  no 
more  than  one  chapter.  The  anatomic  study  of  erimioals  in  order  to 
become  of  value  has  need  to  be  extended  to  a  greater  area  and  iu 
greater  detail  even  than  has  been  here  indicated. 

There  was,  of  coni«e,  a  large  discussion  among  the  members  of  the 
congress  over  this  question.  Nearly  every  one  bad  a  different  idea 
concerning  it. 

Ptofesaor  Lombroso  responded  to  Dr.  Mauonvrier.  He  demanded 
bow  he  would  distinguish  tbe  crimiuals.  The  criminals  of  occasion  has 
presented  abnormal  characters.  It  was  not  the  occasion  that  made  the 
criminal,  bnt  it  was  the  occasion  which  was  presented  to  an  individual 
pmlisposed  to  commit  the  crime.  It  has  been  objected  that  the  woman 
criminal  had  no  anatomic  characteristics,  but  they  who  made  that 
objection  forgot  that  prostitution  was  tbe  form  of  the  feminine  crimi- 
natity.  He  believed  somewhat  in  the  idea  emitted  by  Madame 
Clemenoe-Boyer  on  the  relation  between  crime  and  hybridity,  or  mix- 
ture of  races,  one  being  inferior.  If  the  crime  is  not  an  anomaly,  what 
u  itt  Is  it  a  virtue*  He  agreed  with  Dr.  Manonvrier  that  the  cra- 
nial capacity  is  not  a  characteristic  of  criniinality.  Bearing  opon  tbe 
question  of  atavism  he  stated  that  be  had  fooud  among  criminals  a 
great  number  or  proportion  of  hernia.    This  was  a  regressive  char* 
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acter.    The  role  of  ptomaines  in  crimiaal  manifestadotis  appeand  to 
bim  certain. 

H,  Tarde  responded  to  Lombroso  apropos  of  the  criminal  vomu. 
He  maintained  that  an  honest  woman  presented  the  cbuscteiutici 
ascribed  to  the  criminal  woman  as  described  by  the  Italian  school,ud 
nevertheless,  woman  is  less  criminal,  or  takes  to  crime  less  than  mu. 
Prostitution  is  the  occasion  and  not  the  offense.  He  declared  then 
were  no  anatomic  characters  proper  or  peculiar  to  the  criminal,  ud, 
Devertheless,  there  were  organic  and  physiologic  predispositioiis  to 
crime.  The  fnuction  made  the  organ,  and  the  nerre  woaid  modd  the 
bone;  as  the  river  determines  the  valley,  bo  the  crime  makes  the  crimi- 
Dul,  If  in  criminal  anthropology  one  can  come  to  show  the  localintioii 
of  criminal  characteristics,  as  has  done  Broca  for  the  articulate  languge, 
the  base  of  the  scientiflc  edifice  might  be  considered  established. 

M.  Holeschott  and  Dr.  Bronardel  complimented  these  gentleam 
npOD  the  profoundness  of  their  studies.  The  latter  considered  tlie 
search  for  the  criminal  anomaly  in  physical  or  anatomical  character- 
istics as  illoBory.  He  eonid  admit  the  malformations  of  the  pavillioii 
of  the  ear  reported  by  Morel,  the  occipital  fossette  and  the  cbaracten 
of  the  same  kind,  but  these  were  no  cause  of  criminality  in  tbemsekti, 
bat  only  simple  indexes  of  an  abnormal  development  of  which  the  coo-  ; 
sequences  could  be  many.  The  epileptics,  the  insane,  show  the  preeeDM 
of  ptomaines  in  their  urine.  He  recalled  the  obserrations  of  an  epilep- 
tic woman  in  bis  service.  Her  nrtne  contained  a  convulsive  ptonsiiH, 
which  injected  into  a  frog  produced  the  same  physiologic  v^ett  u 
strychnine.  The  ptomauic  products  or  the  leucomaoio  toziqne  fbond  ' 
in  the  veins  of  the  insane  and  the  melancholy  result  from  tranblei  ii 
general  Dntrition.  Are  they  cause  or  are  they  effectf  The  qnestiiHi 
demands  to  be  studied. 

Dr.  Bronardel  responded  to  H.  Tarde  that  if  the  function  made  the 
organ,  it  could  only  do  so  in  the  presence  of  muscular  fiber.  A  womu 
without  any  calf  to  ber  leg  could  never  become  a  dancer. 

M,  Bajenoff,  director  of  tbo  Asylum  of  Riazanne,  Russia,  could  not 
accept  everything  he  had  found  in  the  works  of  Lombroso  and  hiBO^ 
leagues,  but  his  and  their  methods  seemed  to  be  scientific.  Hibotd 
studies  cephalometric  bad  shown  to  him  that  boueet  men  had  a  largef 
frontal  development,  while  the  criminals  were  better  developed  in  the 
parietal  and  occipital  portions  of  their  brain  or  skull. 

Baron  Garofalo  said  that  crime  might  be  considered  always  &» 
result  of  an  organic  anomaly.  In  speaking  of  crimes  we  should  con- 
sider only  those  which  were  declared  so  by  the  public  conscience  aixl 
not  always  those  declared  so  by  the  law.  Those,  for  instance,  of  gn» 
cruelty  or  extraordinary  improbity.  But  one  oonid  perceive  tbit 
criminals  always  manifested  moral  anomalies  and  physical  anomabei  j 
that  were  found  leas  frequently  in  honest  men. 

liombroso  insisted  npon  his  fundamental  distinctjon  between  the 
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criminal  born  and  the  crimitial  or  occanion.  Bat  he  conceded  that  the 
en'stenoB  of  crimiDal  anatomio  cbaracterJBtics  might  be  limited  or  evea 
absent  in  the  latter  class.  He  declares  woman  to  be  a  criminal  of 
occasion,  except  with  prostitntiou,  vherein  she  represented  the  born 
crimiDal.  Bnt  in  the  criminal  bom  he  insisted  upon  the  existence  of 
phjBJcal  signs  which  be  declared  to  be  undeniable,  and  that  while  tlieir 
namber  and  importance  vary  from  one  individnsl  to  another,  yet  when 
considered  together,  had  a  valne  and  signification  *>  absolnment  iocon- 
testaUe."  While  he  wonid  not  deny  the  inflnences  sociologic,  inesologic, 
geographic,  and  orographic,  yet  the  effect  of  these  infinences  was  only 
to  iDtensify  the  criminal  characteristics  which  existed  anatomically 
and  fnndameatally.  Thns  it  will  be  seen  that  in  the  discossion  between 
these  two  representatires  of  the  different  schools,  in  spite  of  the  appar- 
GDt  diversity  of  their  opinion  they  came  nearly  together  by  an  exchange 
at  purtM  and  reciprocal  concession.  Tet  this  harmony  was  more  ap- 
parent than  real,  for  in  the  subsequent  discussions  of  the  Congress, 
vlienever  anything  was  said  favoring  the  existence  of  a  criminal  type, 
it  immediately  precipitated  a  retnrn  to  the  former  discussion. 

In  the  discossion  of  the  seventh  question  the  whole  argument  was 
gone  over  again.  The  skull  of  Charlotte  Corday,  which  belonged,  with 
sil  gnaranty  of  authenticity,  to  the  collection  of  Prince  Roland  Bona- 
parte, was  presented  as  an  illnstratiou  of  a  born  criminal  because  of 
tiie  depth  of  the  occipital  fossettes.  This  immeiliately  brought  out 
Lombroso,  who  returned  to  the  attack  with  all  his  ardor  and  power, 
>nd  after  him  Benedikt,  of  Vienna,  Qarofalo,  Forri,  Bronardel,  and 
St  last,  M.  Herbette.  The  latter,  with  Dr.  Brouardel,  seemed  to  be  the 
moat  conservative.  They  presented,  each  of  them,  in  calm  and  consid- 
erate bat  elegant  langnage,  the  necessity  for  careful  stody  and  profoand 
inrestigation.  Featina  lenta  was  their  motto.  While  they  recom> 
iDended  the  investigation  and  study  to  be  made  with  ardor,  and  pushed 
to  the  extreme,  they  counseled  that  the  conclusions  sbonld  not  be  made 
liash'ly,  changes  sbonld  not  be  made  brasqaely,  opinions  not  be  an- 
noDDced  dogmatically,  or  by  going  too  rapidly,  this  science  might  com- 
promise  its  force,  its  authority,  or  its  prestige. 

The  importance  of  this  qnestion  or  the  value  of  its  discussions  in  this 
congress  can  not  be  overestimated,  for  while  the  substance  may  have 
been  argued  pro  and  con  in  years  past,  yet  here  for  almost  the  first 
time  the  scientific  men  of  the  world  were  assembled  in  an  international 
eoDgTe«8  for  its  discussion,  with  fnll  opportunity  for  preparation,  and 
*itti  the  knowledge  that  they  were  here  to  be  brought  face  to  face  with 
ibeir  opponents  or  those  who  held  different  opinions  from  themselves, 
ind  here  they  were  to  appear  with  what  arguments,  reasons,  statistics 
Jwy  might  have  in  defense  of  the  position  which  they  claimed  to  he 
igbt.  Accordingly  as  this  qnestion  shall  be  decided,  so  should  there 
M  a  change  in  the  fabric  of  our  criminal  jurisprudence.  If  men  are 
•om  criminals  then  they  are  not  to  be  punished  as  they  would  be  if 
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ntberwise.  If,  oq  the  oUter  hand,  they  are  educated  to  be  crimmalg, 
then  ongbt  oar  syBtem  of  edacation  to  be  seriously  and  radically 
obasged.  I  repeat  my  impreasioD  of  the  profonnd  importanoe  of  thia 
soienoe. 

Que$tion  III. — BstablishmeDt  of  re^Qlar  rules  for  investigatitig  tbe 
ocoopants  of  oar  prisons  and  insane  asyloms  by  means  of  anthropom- 
etry, or  of  psychology,  by  Dr.  Sciammona  of  Borne,  reporter. 

The  Btady  of  the  criminal  had  it«  origin  in  tbe  parest  love  forsoioMe 
and  the  greatest  desire  to  obtain  the  trntb.  Perhaps  those  who  com- 
mence to  gather  the  history  of  celebrated  crimioala,  to  trace  their  organ- 
isms, to  study  their  special  physical  conditions,  the  environments  in 
which  they  have  lived,  or  to  search  for  the  idea  or  tiieory  that  possessed 
them  at  the  moment  of  their  crime,  or  the  cause  which  poshed  them  to 
it,  did  it  for  naaght  bat  ecientiflc  cariosity.  But  in  the  study  of  erim- 
inal  anthropology  in  these  latter  days  these  things  have  changed,  and 
now,  thanks  to  tbe  civilization  of  onr  epoch,  its  trntb  is  songbt  for  its 
own  sake  as  well  as  for  the  practical  benefits  which  may  follow.  Evet; 
one  has  recognized  tbe  practical  importance  of  the  study  of  criminal  an- 
thropology. There  are,  nevertheless,  scientists  who  deny  tbe  fecandit; 
of  the  researches  and  who  believe  that  crimes  are  nothing  bat  tbe  re- 
sult of  tbe  free  will  of  the  criminal,  and  that  the  influence  which  pnsbes 
him  to  commit  tbe  crime  bad  its  origin  in  tbe  same  free  bnt  evil  and 
wicked  will.  But  we  are  not  obliged  to  oocapy  oarselves  with  these 
scientists,  however  wise  they  may  be,  because  they  have  oooflned  their 
investigations  only  to  the  field  of  theory  and  have  never  come  down  to 
test  of  investigation  by  means  of  experiments. 

Our  scientific  academies,  oar  medical  congress,  tbe  administration  of 
the  prisons,  are  all  now  occupying  themselvoB  over  tbe  qaesdons,  what 
are  tbe  individual  characteristics  of  criminals,  whether  anatomic,  pay- 
cbotogtc,  physiologic  or  sociologict  And  in  studying  these  qoestiou 
they  are  moved  by  the  highest  order  of  both  charity  and  pride.  n>ey 
are  moved  to  discover  the  most  rational  and  satisfactory  method  fiir  tbe 
prevention  of  crime  aod  the  reformation  of  criminals.  Varioos  saieatjfc 
societies  and  bodies  have  taken  steps  in  this  direction. 

Tbe  Society  of  Anthropology  of  Brussels  organized  a  comminion 
charged  to  study  the  characters  of  professional  criminals,  and  in  tbe 
bulletios  of  tbat  society  the  members  published  their  inrestigatioDB  on 
tbe  criminals  confined  at  tbe  prisons  at  Lonvain, 

In  1SS6  the  Medical  Congress  at  Antwerp  following  a  oommaoicstion 
made  by  Dr.  Semal  on  the  relations  of  criminality  and  insanity,  vottA 
unanimously  to  continue  these  studies,  to  extend  the  commissioc  to  in- 
clude the  magistrates  who  tried  tbe  criminals,  the  administraton  of  tte 
penitentiary  and  tbe  medical  profession. 

The  International  Medical  Congress  of  Barcelona  recogniied  the  ia- 
portance  of  criminal  anthropology  and  declared  ^at  tiie  sdentifle 
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inqnests  were  now  safflciently  advaDoed  to  demand  tlieir  practical  ap- 
plicatioii. 

The  soieotkt  who  desires  serioasly  to  study  the  psychology  of  a  orim- 
ioal  is  fairly  well  received  hy  the  prison  antborities  in  all  civilized  conn- 
tries,  and  a  good  opportanity  is  given  hini  for  stady,  whether  it  shall 
be  duriog  the  life  of  the  criutuals  or  upon  their  bodies  after  death. 

In  tbese  conditions  it  is  oar  daty,  as  we  find  onrselves  representing 
one  of  the  priuoipal  sciences  in  the  world,  to  report,  each  one,  to  this 
CoDgrees  of  Oriminal  Anthropology,  what  he  has  done,  what  he  can  do 
in  bis  own  country,  bbA  thus  to  gather  and  unite  the  largest  possible 
Dumber  of  discovered  and  verified  facts.  This  ooogress,  representing 
ail  countries,  may  thns  agree  upon  certain  facts  as  the  result  of  a  once 
Beparate  but  now  united  seriea,  and  a  law  be  thus  established.  Tbat  law 
iti«  our  duty  to  formulate  and  proclaim. 

In  13S4,  in  Italy,  when  the  general  direction  of  prisons  was  con- 
fided to  M.  Beltrani-Bcalia,  one  of  onr  most  illustrious  savants,  the 
tiovemment  ordained  the  autopsy  of  all  criminals  who  die  in  the  prison 
trf  tbe  kingdom.  It  was  thns  intended  to  gather  from  the  cadavers  of 
criminals,  a  series  of  anatomic  and  physiologic  facts,  by  which  their 
history  relative  to  crime,  aided  by  the  doonments  of  Uie  prison,  could 
be  made  known. 

Dr.  Soiammana  said  be  bad  been  charged  to  formulate  a  series  of 
qnestitms,  to  wbiob  all  Ute  doctors  of  tbe  prisons  of  the  kingdoms  would 
respond,  relative  to  the  exterior  examination  of  the  cadavers,  but  not 
inclnding  anthropometric  researohes.  To  respond  oonscieDlionsly  to 
the  qoestions  by  doctors  wbo  were  entirely  nnnsed  to  them  and  whose 
lime  was  already  engaged,  required  much  labor  and  the  consumption 
of  mnch  time,  and  it  was  concluded  by  them  tbat  the  work  was  too 
heavy.  Therefore,  the  scheme  bas  not  succeeded  as  well  as  was  ex- 
pected, and  we  have  to  reuoonce  hope  for  the  present  of  obtaining  this 
Kientifio  material  for  stadies  in  criminology.  To  obviate  the  difflcolty,  a 
new  formula  of  questions  has  been  prepared,  which  while  it  has  reduced 
Mmewliat  onr  scientiflc  information,  bas  also  bo  far  reduced  tbe  labor  of 
answering  them,  aa  tbat  the  result  is  even  more  satisliustory  than  before. 
Bnt  there  is  something  to  which,  in  relation  to  the  statistics  of 
oiime,  tbe  attention  of  the  congress  is  particularly  called.  It  is  not 
difflcalt  to  report  all  the  information  concerning  tbe  criniee  found  in 
tlie  records  made  by  tbe  magistrates  or  courts  wbo  tried  tbe  prisoners 
and  tbe  attorney-general  who  prosecuted  them.  Also  snch  notes  as 
have  been  made  while  tbe  criminals  were  in  prison.  But  tbese  things 
are  of  small  utility  if  there  is  not  also  gathered  tbe  mora  precious  ma- 
terial concerning  tbe  personality  of  tbe  criminal,  tbe  material  psycho- 
logic, antbropologic,  teratologic  and  anatomo-pathologio,  which  should 
be  studied  by  competent  medical  authorities.  To  accomplish  this  it  is 
necessary  to  follow  a  single  method  of  study  and  investigation  by  which 
the  fjacts  gathered  can  be  compared  as  thoagh  they  were  done  by  the 
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same  person.  FollowiDK  this  system,  those  who  stady  the  materitU  of 
criminolog^y  will  be  able  to  note  the  most  valnable  obserrations  tai 
porsue  researches  which  they  believe  to  be  the  most  profitable.  Itii 
one  of  the  important  works  of  this  congress,  or  of  its  successors,  tofara- 
nlate  a  oodeot'obserTatioD  and  to  establish  the  common  means  of  reooid' 
ing  theresallB.  i 

These  researches,  made  for  the  purpose  of  establishing  a  aysten  of  | 
comparative  int«rnatioaal  statistics,  ought  to  be  made  twth  upou  tbc 
oriminal  while  living  and  npon  his  cadaver  when  dead.  The  first  should 
be  ao  iDvestieatiou  as  to  the  tnteltectnal  capacity  of  the  individDa],tiw 
modes  and  manifestations  of  his  affections  and  moral  sense,  and  the  de 
gree  of  bis  vital  energy  and  will  power.  This  psychologic  investiga- 
tion ought  to  be  preceded  by  an  anamnestic  interrogation  of  the  tDdiTid- 
nal  or  by  an  examination  of  the  criminal  process  against  him.  Ever; 
investigation  should  include  the  study  of  his  heredity  and  neuro-psthol- 
ogy.  These  anthropologic  and  clinical  researches  should  be  made  1» 
fore  the  oriminal  has  saffered  a  prolonged  imprisonment;  if  not, hit 
peculiarities  or  characteristics  may  be  effected  thereby. 

The  second  of  the  researofaes  shpald  be  upon  the  cadaver,  aa  to  its 
conditions  anthropologic  and  pathologic,  so  that  it  can  be  determiiMd    ' 
whether  the  alterations  are  due  to  the  pre-eminence  of  morbid  teodeo-    { 
cies  or  whether  they  are  the  result  of  an  abnormal  development  doe    ' 
to  some  other  cause.    These  researches  should  be  made  both  npon  t^ 
criminal  and  the  insane,  and  one  can  thus  see  the  links  which  form  tb« 
psycho-patbologic  chain  of  fauman  life,  at  one  end  of  which  wo  may  find 
insanity  and  at  the  other  criminality.   Many  insane  asylnme  are  c<Hiflded 
to  the  care  of  zealons  savants  who  make  these  studies  and  note  tlie 
results.    Attention  is  called  to  the  exceptional  importance  of  these 
researohes  that  can  be  made  in  the  houses  of  correction,  not  alone  in 
the  interest  of  science,  bnt  that  they  can  serve  aa  a  complement  to  the 
observations  which  one  may  make  later  upon  the  same  iodividoaliT 
found  in  the  prison.    They  also  may  serve  as  a  guide  for  tbe  treatmHit 
and  reformation  of  those  who  are  in  the  house  of  conectioo. 

Bnt  it  is  necessary  to  have  a  special  accord  among  the  savaDta  and 
the  medical  authorities  of  tbe  prisons,  insane  asylums,  and  hottses  of 
correction  so  that  one  can  obtain  the  same  researcbes  and  results 
tbronghont  this,  whether  among  the  living  or  npon  tlie  cadavers.  It 
is  therefore  proposed  that  a  commission  should  be  charged  to  fonnnlste 
the  questions  and  to  establish  what  might  be  called  a  national  code  of 
researches,  to  which  it  is  hoped  all  nations  will  accord  their  favor  and 
adopt. 

QwatUm  IV. — The  conditions  determinative  of  crime  and  their  nis- 
ttve  value. 

M.  Perri,  professor  of  penal  law  in  the  nniversit?  at  Borne  and  depaty 
of  the  Italian  Parliament,  was  the  reporter. 
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Ibe  oataral  genesis  of  crime  obeja  a  fundamental  law  by  which  all 
crime  is  only  the  resolt  of  the  Biinultaneons  or  indivisible  concurrence 
of  the  oonditioDS  of  the  individaal,  wlietber  tbey  be  biologic  or  of  the 
earronndings  where  the  individual  was  boru,  lived,  and  acted. 

Brery  crime,  do  matter  who  its  author,  no  matter  ander  what  cir- 
cnnistances  oommitted,  cau  be  explained  iu  one  of  two  ways— either  as 
the  act  or  fiat  of  the  individoal's  free  will  or  as  the  oataral  effect  of 
natanl  causes.  The  first  of  tbeseezplaaatious  being  without  scientiflo 
value,  it  is  impossible  to  explain  scientifically  a  crime  {like  every  other 
■clion,  hnoian  or  animal)  if  it  Is  not  considered  as  the  product  of  an  or- 
ganic cooHtitation  or  psychic  personality  which  is  called  npoa  to  act 
noder  oertaio  oonditioDS,  either  of  physical  or  social  sarroundings. 

It  is  therefore  ioezaotto  affirm  thattheschool  of  criminal  positivists 
can  reduce  crime  to  a  pbenomeDoo  purely  and  exclusively  authropologic, 
for,  on  the  contrary,  that  school  has  always  maintained  from  its  be- 
gioning  that  crime  is  the  effect  of  multifarious  condition^  anthro- 
pological, physical,  and  social,  and  that  these  operate  together  and  may 
determine  the  crime  by  an  action  simultaneous  and  inseparable;  and 
if  the  researches  into  the  biologic  conditions  are  more  abundant  or 
more  apparent  because  of  their  novelty,  that  does  not  contradict  the 
tnflaence  of  the  sociologto  condition  upon  crime. 

We  are  to  consider  on  this  occasion  tbe  relative  value  of  these  three 
ordersof  condition  in  the  natural  determination  to  the  commission  of 
crinie.  A  response  can  not  be  given  absolutely  or  categorically.  Be- 
Bides,  theqnestion  is  frequently  misunderstood  and  misstated.  Those 
Tbo  think  that  crime  is  nothing  bat  a  phenomeuon,  purely  and  excla- 
■ively  social,  without  the  concurrence  in  its  determinatiou  by  the 
crifflinal  of  his  organic  and  psychic  anomalies,  misunderstand  tbe  uni- 
versal union  of  natural  foroes  and  forget  that  one  can  not  limit  iu  an 
absolute  &8hion  the  infinity  of  caoses,  which  far  or  near,  direct  or 
indirect,  may  combine  or  conspire  to  produce  every  phenomenon. 
This  position  is  as  erroneous  as  to  say  that  the  life  of  a  mammal  is 
the  effect  of  the  action  of  a  single  organ,  whether  lungs,  heart,  or 
atomach,  or  to  say  that  it  is  maintained  alone  by  food  or  drink  or  the 
oxygen  of  the  atmosphere,  and  that  each  of  these  produces  the  entire 
effect  without  the  aid  of  the  other.  If  crime  be  the  exclusive  product 
of  the  social  surrounding,  how  is  one  to  explain  the  fact  known 
to  OS  every  day  of  our  lives,  that  in  the  same  social  status  and  under 
equal  circamstances  of  misery,  poverty,  and  ignorance,  out  of  eacli 
one  hundred  individvals  sixty  are  not  criminal,  commit  no  crime,  and 
oat  of  the  remaining  forty,  five  prefer  suicide  to  crime,  five  become 
insane,  ffve  become  beggars  or  vagabonds,  and  only  twenty-five  out  of 
the  hundred  become  criminals;  and  among  the  latter  the  crimes  com- 
mitted differ  in  variety,— fh>m  those  the  most  bloodthirsty,  frightful, 
and  inexcasable,  to  these  which  are  tbe  mildest  misdemeanor,  and  for 
wliich  the  prisoner  may  be  discharged  with  only  a  reprimand.    The 
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secoodary  differences  in  social  conditions  which  may  be  foand  even 
among  the  members  of  the  same  flamily  are  evidently  not  soffloiBDtin 
themselves  to  explain  the  enormons  differences  of  these  leealtiiig 
actions. 

Itis  necessary,  therefore,  to  consider  this  question  inaielativeaeoBe 
and  to  discover  which  of  the  three  orders  of  natural  eaoses  of  crinwhu 
the  greatest  influence  in  the  determination  to  the  oomioission  thaieoC 

A  general  or  categcnio  answer  can  not  be  given,  for  the  rehttireinfli- 
enoe  of  the  anthropological,  physical,  and  social  conditions,  vary  wiHi 
each  criminal  action  according  to  the  psychologic  and  social  cbaruten 
of  the  individoal. 

When  we  consider,  for  example,  the  three  classes  of  crimes,  then 
against  persons,  those  against  property,  those  against  morality  ud 
virtae,  it  is  evident  that  each  order  of  tlie  determining  oocditioDs,  ud, 
above  all,  the  biologic  conditions  and  t^e  social  conditiooa,  have  an  in- 
fioenee  altogether  di^rent  in  the  determination  to  the  orimee  <tf  nor 
der,  robbery,  or  violation.  And  this  can  be  repeated  for  alloategoritt 
of  crime. 

Tbe  nndeniable  inflnence  of  s-ioial  condition,  and  above  all — eeoBonie 
condition  in  the  determination  to  rob  or  steal,  has  mnch  less  efint 
in  the  determination  to  murder  or  violation.  And  in  each  oalegorj 
of  crimes  the  influence  of  the  determining  conditions  is  mo<^  aeowd- 
ing  to  tb»  special  forms  of  criminality.  Certain  classes  of  mtudflii 
(those  of  occasion)  are  evidently  the  effect  of  social  conditiooB,  u, 
for  instance,  alcoholism,  gambling,  public  opinion,  etc*  while  ett- 
tain  other  murders  are  the  effect  of  tbe  ferocity  or  the  naoral  insesn- 
bility  of  the  criminal,  or  else  arising  fh>m  the  psyoho-pathologie  oob- 
dition  which  corresponds  to  organic  abnormal  cosditioDS.  And  it  iB 
Uie  same  with  certain  offenses  against  good  morals  which  are  in  agnst 
part  the  eSlBct  of  a  social  condition  which  condemns  seme  oommonitiM 
to  live  together  in  habitations  more  as  herds  of  wild  beasts  than « 
human  beings,  with  a  bratal  promiscuity  of  sexes  and  ages,  paratU, 
children,  strangers,  boys,  girls,  etc.,  which  will  have  tbe  effect  to  pie- 
vent  every  normal  sentiment  of  virtne  or  modesfy  and  to  effiwe  vnj 
such  sentiment  already  formed. 

Other  crimes  of  the  same  nature,  but  more  bratal,  are  derived  &ob 
the  biologic  conditions  of  tbe  criminal,  whether  they  be  the  resolt  rf 
a  sexual  psychopathy  or  a  biologic  anomaly.  While  simple  theftor 
larceny  may  be  somewhat  the  effect  of  social  or  economic  o(HiditioMi 
yet  these  inflntmces  hare  but  slight  effect  in  comparison  with  tbe  i» 
pulsion  given  by  the  individual  constitution,  whether  orgaoio  w 
psychic,  in  higher  crimes,  as  robbery  with  violence,  or  in  murder  iritt 
intent  to  rob  or  steal,  or  other  crimes  committed  in  oold  blood. 

The  same  observation  can  be  applied  to  the  conditions  of  the  ^y*- 
ioal  HBiTonudings,  lor  example,  the  augmentation  in  the  nomber  of 
crimes  agMnst  property  committed  during  the  oold^or  winter 
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while  OD  the  other  hand  the  aagmeittation  of  crimes  against  the  person, 
Thether  tfaoseof  blood  or  against  morality,  during  the  warm  oisommer 
months.  The  reason  fur  these  things  is  that  we  find  the  individnals 
affected,  to  he  in  that  biologic  condition  wherein  they  have  the  least 
resistance  against  these  evil  infiaenoes. 

The  limits  of  this  paper  do  not  permit  the  proofs,  whether  anthro- 
pologic, psychologic,  or  statistic,  of  these  conclnsions,  bnt  these  are 
only  the  synthesis  of  numerous  studies  and  positive  investigation  made 
upoQ  the  tendency  or  inducement  to  crime,  by  observing  the  crimi- 
nals and  the  causes  which  affect  them.  It  has  been  said  that  for 
certain  crimes  and  crimioals  the  largest  influence  ought  to  l>e  recog- 
nized or  accorded  to  the  physio-psychic  conditions  of  the  individual, 
which  may  go  from  the  anthropologic  anomaly,  scarcely  recogntzabk-, 
to  the  pathologic  state,  the  most  accentuated,  yet  this  does  not  exclude 
the  possible  fact  that  crime  may  be  a  conaeqnenoe  of  social  con- 
dition; that  the  physio-psychic  anomalies  of  the  individual  are  nothing 
bat  the  effectof  a  deleterious  social  environment  which  condemns  those 
whiob  it  surrounds  to  an  organic  and  psychic  degeneration.  This  ob- 
jeotiou  might  be  good  when  taken  in  a  relative  sense,  bnt  is  without 
fooodation  if  one  seeks  to  give  it  an  absolute  value. 

First,  it  is  necessary  to  remember  that  cause  and  effect  are  them- 
selves only  relative,  for  each  effect  is  in  its  tnm  a  cause  and  vice  versa; 
so  tbat  if  misery,  poverty,  degradation,  etc.,  whether  material  or  moral, 
is  a  cause  of  degeneration,  the  degeneration  becomes  in  its  tnmacause 
of  the  misery,  poverty,  and  degradation.  And  so  t^e  discussion  be- 
comes metaphysical.  Investigators  into  the  relations  of  crime  in  di&^r- 
ent  conntries  (criminal  geographers)  have  claimed  a  great  value  for 
their  statistics  when  they  have  given  the  quality  of  the  crime  and  the 
number  of  the  criminals  in  various  countries  or  provinces,  and  sought 
to  compare  one  with  the  other,  Instend  of  these  being  the  differences 
in  biologic  condition,  as  of  race;  or  of  physical  conditions,  as  of  climate, 
etc;  they  may  be  governed  largely  by  social  or  economic  conditions; 
that  is,  those  arising  from  the  differences  in  agriculture,  industry,  labor, 
wages,  homes,  schools,  service  in  the  army,  etc. 

Id  the  absence  of  any  {tositive  verification,  the  student  of  this  qnes- 
tioti  may  with  propriety  ask  if  the  social  conditions  of  a  given  province 
or  ooaotry  have  any  real  effect  upon  or  relation  to  its  criminality,  and 
whether  the  social  conditions  may  not  be  themselves  only  the  effect  of 
the  ethnic  characters  of  intelligence,  energy,  etc.,  of  its  inhabitants  and 
the  conditioos  of  its  climate,  soil,  etc. 

Bnt  with  more  precision  one  can  also  aver,  even  outside  the  conditions 
profoaodly  pathologic,  tbat  there  are  a  great  number  of  cases  in  which 
tbe  bio-psychic  anomalies  of  the  criminals  may  be  the  effect  of  an  euvi- 
ronmeDt  which  is  physically  and  morally  mephitic. 

In  eaoh  family  of  several  children,  in  spite  of  the  same  surroundings 
and  Iike.favorableooDditions,witbthesame  methods  of  instruction  and 
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edaoation,  tbere  will  be  iudividualei  of  dlfftireDC  iDteltectualitj,  to  be 
remarked  fit>tn  the  cradle,  aa  well  ia  tlie  quantity  or  in  the  qualit;  of 
their  taleat  as  iu  their  moral  and  physiologic  coiistitut^oiu.  Aiid 
tbifi  pheuomenou,  although  it  be  evident  ouly  in  a  small  nambra  of 
coses  of  the  most  accentaated  cbaraotertstics,  whether  normal  or  ab- 
normal, does  not  cease  to  be  true  also  in  the  more  Domerous  class  of 
cases  of  mediocre  characteristics.  The  physical  and  social  conditiona 
may  have  an  influence  less  patent  according  as  the  physio-psychio  eoo- 
stitution  of  tbe  individual  is  stronger  and  healthier. 

The  practical  coDclnaion  of  these  general  observations  niwD  the  nat- 
oral  genesis  of  crime  is  this :  That  each  crime  is  tbe  result  of  indi- 
vidual physical  aud  social  conditions;  and  beoanse  these  conditions 
have  an  influence  preponderating  more  or  less  in  different  crimes  or 
in  different  forms  of  criminality,  the  most  sure  and  certain  means  that 
society  has  or  shoald  employ  in  its  defense  against  or  for  tbe  preven- 
tion of  crime,  is  twofold ;  and  both  oaght  to  be  employed  and  developed 
simnltaneoosly.  On  the  one  hand,  the  amelioration  of  social  condi- 
tions, which  will  serve  as  a  natnral  prevention  of  crime;  on  the  other 
band,  the  elimination  of  those  biologic  conditions  which  determine 
crime ;  these  measures  of  elimination  should  be  perpetual  or  l«mporaty, 
according  as  their  inflaence  on  the  biologic  conditions  are  permanent 
and  radical,  or  as  they  are  temporary  aud  changeable. 

There  are,  said  Ferri,  five  kinds  of  criminals,  which  should  be  dis- 
tinguisbed  each  from  theother  and  treated  accordingly;  the  borocriiii- 
nal,  the  insane  crimindl,  the  criminal  of  occasion,  of  passion,  of  habitode. 
To  prevent  crime  tbe  government  or  society  shoald,  on  the  one  hand, 
ameliorate  tbe  social  conditions,  and,  on  the  other,  eliminate  fhim  aooiety 
either  partially  or  entirely  those  with  defective  characters,  aooordinf 
to  the  degree  of  danger  and  the  possibility  of  cnre. 

M.  Alimena  declared  the  essential  oanses  of  crime  to  be  the  sonal 
condition  and  heretlitary  transmission.  According  to  him  the  crim- 
inal was  prodaoed  by  the  same  prooessea  as  were  employed  by  atook- 
raiaers  to  rear  new  races  aa  an  improvement  of  the  present  races,  and 
adopting  tbe  worda  of  Dr.  Lacassagne  at  Borne,  "society  has  noorjmi- 
nals  except  such  as  it  merits." 

Dr.  Manonvrier  took  np  the  battle.  He  said  they  had  reduced  the 
importance  of  the  surroundings.  If  their  theory  be  trne  that  the  ooea- 
siou  makes  the  criminal,  then  society  will  make  a  criminal  of  the  man 
who  is  the  most  inoffensive,  and  an  inoffensive  man  of  him  who  is  most 
disposed  to  crime:  and  he  argaed  bia  aide  of  the  qnestiou  at  l«Dgtfa, 
and  with  rigor  and  eloquence. 

M.  Tarde  said  we  have  the  agricultnral  type  of  man,  tbe  military  type, 
tbe  sailor  type,  and  why  should  we  not  have  the  criminal  typef  Ixtm- 
broso  took  it  np  by  saying  that  it  waa  nndoubt«il  that  we  tiad  among 
tbe  criminals  the  type  of  the  assassin,  the  type  of  the  robber  and  bar- 
glar,  and  the  type  of  the  thief  and  swindler.    tS,.  Moleaohott,  aenabK 
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of  Italy,  mentioned  an  inflaeoce  tonards  crime  that  bad  not  been  iio- 
Uced,  to  wit,  the  heredity  Bocial  induence ;  that  is,  the  tradition  which 
is  instilled  into  the  tpind  of  every  child,  before  he  knows  the  differenue 
betveen  right  and  wrong,  that  by  which  be  obtains  the  radimentfl  of 
hjsknowledge  of  right  and  vroug.  Whether  it  be  correct  or  not,  it  is 
tbe  child's  standard.  He  gets  it  not  from  any  knowledge  or  theory  of 
justice,  bnt  from  the  tradition  of  his  own  neighborhood,  as  it  is  taught 
by  his  parents  and  associates,  by  the  people,  and  as  it  is  believed  by 
tbem. 

Dr.  Hanonvrier  responded :  The  argnment  of  M.  Ferri  on  the  pre-dis- 
posiog  importance  of  the  anatomic  characters  proves  nothing,  because 
be  hag  taken  accoaut  of  only  tbe  general  sociologio  inflnenoes,  and  not 
enoaghof  the  daily  events  of  infinite  details  which  happen  to  every 
man  cootinaally  from  his  birth,  and  while  each  one  of  tbem  was  of  the 
nutnimnm  iu  itself,  yet  aggregated  made  a  sociologic  surrounding  in  the 
life  of  the  man  to  each  extent  aa  to  change  its  form,  and  make  him  be- 
come what  be  is.  The  stndy  of  criminality  among  animals  proves  that 
edacatioo  can  change  him  to  be  contrary  to  all  bis  hereditary  in- 
Btiocts,  even  contrary  to  hie  essential  anatomic  organization.  M.  Ba- 
boardin  succeeded  in  rendering  bis  wolf  an  honest  and  respectable 
animal,  so  that  it  would  not  attacB  or  devonr  sheep,  but  would  content 
hintselfwith  his  regular  meals  duly  served.  The  regular  meal  to  tbe 
Tolf  played  tbe  same  rdle  that  the  daily  income  does  to  man,  by  tbe 
irace  of  which  many  persons  who  might  easily  t>ecome  criminals  pass 
tbeir  days  with  high  beads  in  society  and  enjoy  the  confidence  of  tbeir 
neighborhoods  with  a  reputation  all  their  lives  of  being  honest  men. 
fle  elaborated  tbe  necessity  of  consideration  in  this  matter,  not  only  of 
the  number  of  tbe  conditions  and  circumstances  which  had  an  InQuence 
upon  us,  but  still  further  the  arrangement  and  position  relative  to  these 
DonditioDs.  The  possible  combinations  became  infinite  and  not  to  be 
EBsasured,  and  the  realization  of  two  cases  apparently  alike,  theoretic- 
■lly  alike,  mi^ht  be  practically  unlike,  aud  what  became  in  one  indi- 
Tidoal  entirely  possible  became  in  tbe  other  entirely  impossible.  As  to 
liu  iUastratioD  of  the  wolf,  be  said  that  this  was  introduced  to  show 
how  difficult  it  was  to  educate  any  animal  to  disobey  his  inatiucts,  bnt 
jtill  the  illnstration  proved  that  it  could  be  done. 

Que^ion  V. — The  infancy  of  children  ia  its  relation  to  a  predisposi- 
ion  to  crime.  Dr.  Komeo  Tavemi,  professor  of  the  University  of 
OatAoia,  Italy,  and  Dr.  Magnan,  director  of  the  insane  asylum  at 
^inte  Anne,  Paris,  reporters. 

I^rst  part  by  Dr.  Romeo  Tavern).  The  science  of  anatomy  can  not 
^one  tell  us  the  genesis  of  crime  in  an  individual  man,  and  it  never 
nllgbecanse  the  moral  litb  of  humanity,  the  most  simple  phenomenon, 
•ill  carry  us  to  many  causes  for  its  explanation,  and  mast  be  searched 
or  among  many  sciences,  and  will  never  be  found  in  a  single  cause 
inrby  a  single  method.  The  problem  is  to  search  the  brain^f  the 
H.  Mis.  129 41  CtOOc^Ic 
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criminal,  and  find  if  there  be  any  anomaUes  vhtcb  wouM  aatliorii« 
the  idea  of  a  degradation  or  phyBical  degeneration  predominating 
among  that  class  of  men.  This  problem  remains  yet  an  object  td 
study.  Tbe  results  which  have  come  to  ns  up  to  the  present  are  iiot 
ccuclusive.  Amoug  those  who  make  these  studies,  some  have  obserrcd 
too  small  a  number  of  cases,  aud  others  have  occupied  themaelvea 
solely  upon  the  cranial  anomalies  without  interesting  themselves  irith 
the  anomalies  of  the  brain,  or  vice  versa,  and  the  researches  Jiare  m 
always  been  exempt  from  influence  or  conception  a  priori.  They  bare 
supposed  their  task  to  be  to  establish  imaginary  relations  between  par- 
ticular dispositions,  altogether  accidental,  of  the  cerebral  oonvoIntioDs 
of  criminals,  and  certain  normal  dispositions  of  the  same  codvoIQ' 
tioDS  among  other  persons.  The  observers  have  been  rare  who  Lare 
sought  among  criminals  for  the  peculiarities  which  the  surface  of  [fae 
cerebral  hemispheres  present,  and  their  relation  with  the  type  of  sbult 
corresponding,  and  whether  these  thiugs  are  or  Dot  the  same  which  the 
anatomist  has  already  found  to  exist  amoug  individuals  not  criinioal&. 
Nevertheless,  the  observation  of  several  scientific  anatomists  appear  to 
affirm  that  there  does  not  exist  any  special  type  of  skull  or  of  brain  in 
criminals,  and  this  invites  as  to  consider  whether  there  exists  any  nor- 
mal type  of  sbnll  or  hraio  of  non-criminals,  houest  men. 

In  the  skull  aud  brain  of  crimiQals  the  degenerate  characters  appear 
with  greater  frequency  than  in  those  not  criminals.  Bat  the  preciw 
value  of  this  comparative  frequency  is  yet  iusnfflciently  determined  as 
well  as  the  manner  in  which  these  degenerative  characters  are  proven, 
HO  that  their  full  power  to  cause  crimr^  or  to  create  a  pre-disposition  to 
crime,  does  not  appear  as  yet  established  by  auy  law  that  can  be  called 
invariable.  No  order  of  somatic  anomaly  encountered  among  crimi- 
nals possesses  by  itself  any  signification  of  a  material  cause  of  the  delin- 
quency nor  a  physical  pre-disposition  to  delinquency.  Taken  togetlier 
they  indicate  only  the  existence  of,  (I)  a  degeneration,  (2)  an  organism 
by  which  their  development  has  been  arrested,  or  (3)  the  retnm  of  a 
regressive  atavism. 

But  the  physical  degradation  which  is  recognised  by  every  fact  can 
not,  according  to  our  experience,  be  found  separated  ftom  a  moral  ieg- 
radation.  Ubservation  has  taught  nathat  the  brain  sous-miero-c^Mic 
is  perhaps  not  apt  in  its  function  to  conceive  principles  of  which  tbe 
presence  in  tbe  understanding  is  a  force  necessary  to  the  existence  of 
moral  life.  So  that  we  have  learned  that  a  human  skull  which  reeilU 
by  its  structure  tbe  animal  form  which  it  resembles,  approaches  mem 
to  the  ancestral  form  than  another  in  which  the  archaic  forms  bare 
been  effaced, 

The  moral  degradation  which  physical  degradation  teaches,  belong 
exclusively  to  tbe  general  operation  of  the  moral  life.  We  do  ootpm- 
sesa  sufficient  experimental  knowledge  of  the  auatomic  strnetare  of 
any  individual  to  enable  us  to  say,  from  this,  that  be  had  anydetemtiib 
ing  tendency  towards  crime,  nor  that  it  had  in  any  way  a  bearing  upon 
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Ilis  moral  sense.  Tliere  ia  uo  scieulific  iiietlKMl  by  wliiuU  tbe  relation- 
sbtp  between  bia  physical  structure  and  bis  moral  sense  can  be  deter- 
mined, whetber  tbe  study  be  mtule  daring  his  life  or  hy  autopsy. 

(2)  Tbe  first  priociple  of  the  science  of  criminal  anthropology,  as 
tftaght  in  modern  times,  is  to  stndy  tbe  criminal  rather  than  tbe  crime. 
We  have  lived  among  criminals  in  the  prisons  of  several  of  the  cities 
as  mnch  of  tbe  time  as  was  possible.  During  several  years  we  have 
kept  anamnestic  observations  and  have  recorded  every  thing  which  had 
relation  to  the  past  life  of  the  criminal;  but  w«  are  not  occupied  solely 
in  determining,  acconling  to  the  physiognomy  of  their  crime,  whether 
there  is  any  such  thing  as  criminals  by  instinct  We  have  uever  omit- 
ted an  occasion  to  interrogate  the  criminal  concerning  bis  piirents, 
bis  tntors,  his  friends,  bis  master,  bis  nurses,  doctor,  all  that  could  give 
testimony  concerning  the  infancy  and  youth  of  our  criminals.  One 
haQdre<l  and  twenty-three  of  these  numerous  anamnestic  tables  have 
been  recorded  and  give  an  abundance,  an  exactitude,  a  minutia  of 
historic  information  of  such  natare  as  to  cause  us  truly  to  believe  tbat 
fatnre  researches  upon  this  point  can  do  no  more.  Tbe  tables  are  of 
penons  condemned  for  those  grave  crimes  which  have  been  effected  by 
destructive  means,  whetb  er  against  the  person  or  of  property,  or  one  or 
tx)tb.  Tbe  sex,  age,  origin,  etoCciril,  profession,  theeconomiccoudition, 
religion,  intellectual  culture  of  criminals  have  all  been  inveetigiited 
and  recorded.  There  is  much  variation  according  to  our  observation, 
bot  ve  have  considered  all  descriptions  and  classes  of  these  criminals 
and  have  formulated  this  interesting  scientific  conclusion  :  That  there 
is  an  inaptitude  for  education  in  infancy  that  is  evidence  of  a  natural 
predisposition  to  crime.  We  have  met  with  cases  and  occasions  where 
we  could  base  a  veritable  scientific  prognosis  wbicb  has  confirmed  tbe 
tratb  of  this  experimental  doctrine. 

A  methodical  investigation  has  shown  to  us  seventeen  children  bav- 
iog  this  inaptitude  for  education,  that  we  have  foreseen  with  assur- 
ance they  would  become  criminals.  And  they  became  criminals  con- 
trary to  tlie  expectation  and  belief  of  a  number  of  savants  who  were 
obstinate  in  their  opinion  that  these  infants  were  only  backward  iu 
tbeir  education,  and  who  prophesied  tbat  tbey  would  succeed  if  their 
pedagogy  was  appropriate.  In  order  to  resolve  the  graud  <]iiestion 
as  to  the  natural  predisposition  to  crime,  the  science  of  criminology 
OQght  to  demand  critical  experience  of  the  pedagogic  biology.  We 
deeply  regret  that  the  geueral  bureau  of  criminal  statistics  can  not 
give  offlcial  information  in  answer  to  tbe  two  questions :  How  many 
cbildreu  and  young  people  already  gathered  in  tbe  bouses  of  correction 
become  crinsinal  adults  1  And  its  complement :  How  many  condemned 
adults  bad  iu  their  youth  been  placed  in  houses  of  correction  t 

(3)  Our  modern  civilization  baa  so  improved,  that  it  exceeds  the  nat- 
ural capacity  of  many  individuals  who  live  in  our  midst.  Modern  civ- 
ilization represents  the  last  and  final  effort  of  tbe  individuals  who  are 
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tbe  best  equipped.  Many  persons  wbo  now  mtgbt  be  regarded  as  more 
or  less  criminnl  wonid  have  been  esteemed  honest  if  ttiey  had  been 
destined  to  live  in  the  primitive  condition  of  man  at  tbe  origin  of  dvil- 
ization,  or,  at  leas^  in  tbe  cirilization  of  ancient  times  when  onr  aDces- 
tora  formed  the  barbario  races  of  Enrope.  Each  political  government 
is  a  vast  organism  for  the  social  edncation  of  all  its  citizens.  Kever- 
theless  there  are  personi*  who,  by  virtue  of  an  instioctive  and  invin- 
cible opposition,  r^ect  tbe  possibility  of  modification  by  the  adapting 
etBcacy  of  political  government.  Out  of  this  opposition  grows  inatioct 
ive  criminality.  Because  of  it,  criminals  perform  their  actions  withaot 
being  conscions  of  evil.  Giving  free  course  to  their  instiocts,  the; 
bare  only  the  conscioasness  of  tbe  good  of  their  own  individnaUly. 
Their  selfishness  seeks  only  tbeir  own  good,  and  if  they  are  not  to  be 
charged  with  the  evil  which  their  acts  cause,  no  more  are  they  entidect 
to  credit  for  the  good.  The  family  is  a  small  copy  of  society.  The 
historic  evolution  of  tbe  family  is  that  of  society  in  general.  There 
is  a  law  which  gives  the  highest  importance  to  the  good  order  of  gen- 
eral society.  There  is  also  anotber  law,  only  second  to  this,  the  good 
order  of  the  family.  The  law  of  general  society  is  the  same  in  a 
greater  sense  as  is  the  law  of  the  family.  The  law  of  good  order 
in  the  family  is  intended  for  tbe  adaptation  of  the  individual  to  tlie 
social  law.  It  is  easy  to  recognize  by  observation  and  experiment  tliat 
there  are  some  individuals,  however  small  the  number,  wbo  present 
an  insensible,  instinctive,  and  obstinate  resistance  to  the  law  of  the 
family.  This  repugnance  to  family  government  is  sometimes  revealed 
during  their  infancy.  These  are  the  individuals  who  rebel  against  edn- 
cation and  good  order,  whether  of  the  family  or  of  the  State.  The  ini- 
tial adaptation  of  these  individuals  to  the  social  law,  on  which  are  to  be 
found  all  ulterior  adaptations  to  law  and  order,  are  in  a  great  part 
achieved  by  these  individuals  during  their  infancy.  We  ask,  in  what 
consists  this  opposition  of  tbe  individual,  tbe  student,  the  infant,  to 
the  good  order,  whether  of  the  family  or  society  T  How  is  it  explained ! 
It  appears  to  consist  iu  tbe  physical  impossibility  of  the  individual  to 
bring  into  subjection  certain  of  his  nervous  centers,  and  liis  itiabihty 
to  require  tbem  to  accommodate  themselves  iu  tbeir  structure  so  that 
they  can  execute  with  facility  all  those  molecular  movemente  on  which 
depend  tbe  acts  of  obedience  to  the  domestic  law,  whether  of  the  family 
or  of  society.  These  shonid  be  repeated  and  esecuted  with  so  little 
friction  as  te  become  habitual,  and  they  cau  be  taught  by  the  ordi- 
nary pedagogic  process.  This  want  of  power  in  the  nervous  center 
brings  about  in  the  young  person  a  default  iu  the  impressions  oeoes- 
sary,  by  which  the  moral  life  of  the  individual  is  made  to  correspond  to 
that  of  society.  As  a  consequence  of  this  default  all  idealization  which 
leads  te  this  end,  is*  absent  in  the  student  without  possible  substito- 
tion,  nor  can  he  effect  it  by  any  8i>ontaneou8  appreciation  of  his  intel- 
ligenoe. 
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The  seotimflDts  of  these  iodividaaU  not  only  are  closed  agaiaateveiy 
dvilizing  action  which  edacative  objects  commoDly  exercise,  but  the 
presence  of  these  civilizing  inflnences  in  the  world,  and  in  society  or  in 
the  family,  excites  their  opposition.  They  repalse  with  great  efforts  llieir 
edacators  and  teachers  when  they  wonld  direct  them  toward  their  moral 
teacbiDg,  the  object  of  the  educators  being  to  prevent  this  development 
of  antagonism  to  the  laws  of  society.  The  efforts  even  of  the  educators 
and  teachers  to  prevent  this  opposition  itself  begets  an  opposition  and 
increaaes  the  antagonism  of  the  scholar.  The  inaptitude  for  education 
on  the  part  of  the  individual  arises  because  of  a  natural  and  irremediable 
defect  or  a  physiologie  inaptitude  to  the  social  laws  of  the  family  that 
one  observes  among  some  children,  sometimes  without  regard  to  their 
life  or  snrroundings,  education,  or  example.  This  constitutes  their  pre- 
djapoaition  to  crime,  and  thas  has  grown  np  the  saying  used  by  many 
people  without  knowing  that  it  is  true  science,  sometimes  expressed 
coDceminganincorrigibleinfant,  "Ofl^I^ast  fl^jjour /a  j)>ut?Io(tne,"  "He 
was  bom  to  be  hung." 

Dr.  Magnaa,  the  head  of  the  insane  asylum  at  9ainte-Anne,  Paris, 
VB8  a  joiut  reporter  with  Monsiear  Taverni  npou  the  foregoing  ques- 
tioD.  Dr.  Magnan  differed  largely  from  Taverni.  He  said  the  question 
as  thus  presented  seems  to  admit  as  an  accepted  fact  an  infantile  pre- 
disposition to  crime.  That,  be  said,  is  an  assertion  maintained  by  many 
criminalists,  but  one  to  which  be  refused  his  adhesion.  He  said  that 
the  opinioD  that  attributes  to  the  most  of  the  criminals  an  ancestral 
origin,  which  considers  the  criminal  bom  and  raised  as  a  i^avage  sur- 
Tning  oar  present  actnal  civilization,  which  contends  that  the  infant 
crimiuaUty  is  only  a  prolonged  example  of  savagery ; — this  opinion,  he 
aays,  htm  always  bronghtforth  contradictions, and  he  cites  certain  recent 
publications : 

Tsrde,  "  La  criminality  compart,"  Paris,  1886.  Topinard,  "  I/an- 
thropologie  criminelle — Bevae d'anthropologie,  No.  6,"  November,  1887. 
Ch.  P6t4,  "  D^geniSresceace  et  oriminalite,"  Pans,  1888.  H,  Joly,  "  Le 
crime,  Etode  sociale,"  Paris,  1888. 

Oontinning  his  discussion  concerning  this  supposed  pre-disposition  to 
crime,  he  asked,  "Can  any  one  dare  to  say  that  there  are  primordial 
forms  of  crime  and  that  they,  with  the  germs  of  crime,  are  natural  attri- 
bntes;  in  other  terms,  that  the  infant  is  naturally  disposed  to  crime 
and  that  the  criminal  is  a  man  deprived  of  moral  sensul"  Wethink 
this  to  be  an  erroneous  determination  of  observed  phenomena. 

At  the  moment  of  birth  and  for  some  days  after,  the  infanthas  noth- 
ing more  than  a  vegetative  life.  It  ctkms  into  the  world  where  it  has  to 
live  finding  itself  sarronnded  by  elements  which  conflict  with  its  organ- 
ism and  provoke  re-action.  These  are  only  the  instinctive  expressions 
of  its  emotions.  All  acts  of  the  respiratory,  circulatory,  digestive,  and 
other  orgaus  are  a  reflex  order  and  do  not  demand  the  intervention  of 
either  mind  or  brain ;  mere  life  is  sufficient  for  their  accompUshmeat 
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But  soon  the  acquisitions  of  the  new  beiae  begio,  and  the  fuuotioitt  of 
the  brain  increase.  The  door  opens  to  an  exterior  world ;  the  Bigbt,  tbe 
hearing,  the  taste,  the  smell,  the  sensations  within  the  periphery  oftiie 
body  permits  relations  more  intimate  and  complete  with  the  ontBide 
world.  These  new  operations  bring  into  play  that  region  in  whit^ 
experimental  physiology  and  pathological  anatomy  have  demonstntcd 
reside  the  brain  centers  perceptive  and  sensitive.  This  is  the  orguiic 
substratum  of  our  remembrances.  In  these  differences  are  depouUd 
the  lingering  images  of  all  onr  sensorial  impressions  and  itia  thence  that 
the  centers  of  ideality  draw  tbe  necessary  material  for  intelliivtaal 
elaboration  in  the  formation  of  ideas.  The  images  passing  first  to  the 
frontal  region,  become  the  representative  signs  of  thought  and  fnrDtili 
the  elements  of  our  determinations. 

Tbe  excellent  work  of  Meynert  on  tbe  structure  of  tbe  brain  biu 
taught  us  the  system  of  tbe  fibers  of  association  and  of  projection  vbicli 
are  tbe  evidence  of  this  functional  evolution.  If  nothing  abnormal  in- 
tervenes, if  none  of  tbe  wheels  of  tbe  cerebral  mechanism  are  broken 
and  nothing  interferes  with  the  activity  of  the  Mtuonmofj-tce  of  iufuicy 
then  the  intervention  of  the  center  moderators  substitute  the  active 
ideomotrice  which,  under  tbe  influence  of  tbe  attention,  based  on  ei- 
perience,  gives  place  to,  or  is  followed  by,  the  volitional  act  of  reaaon- 
At  a  very  early  day  in  its  life  the  iufant  begins  to  obtain  or  assQne 
control  of  itself,  say  of  its  bands  first,  which  produce  the  pbenomenoD 
of  attention  and  of  tbose  condicting  motives,  agreeable,  or  the  reveise, 
which  preside  over  the  acts  of  volition.  A  chart  given  in  the ptiftAtatrf 
of  Meynert  shows  the  succession  of  phenomona  in  one  of  these  simple 
mental  operations  j  the  image  of  the  flame  of  tbe  candle  thrown  by  tbe 
apparatus  of  visiou  ou  tbe  center  cortical  posterior,  transmits  its  repre- 
sentation into  the  frontal  region  and  provokes  immediately  an  involon- 
tary  movement  of  the  arms  and  bands  towards  the  brilliant  object.  A 
painful  impression,  such  as  a  burnt  finger  however,  following  an  aualo- 
goua  act,  acts  in  an  inverse  sense  upon  the  psyckomotrice  region,  and 
a  movement  of  shrinking  is  apparent.  The  two  sensations,  the  one 
pleasurable,  the  other  i>aiDful,  are  compared,  the  attention  is  attracted, 
the  education  of  the  moderate  centeris  affected,  recognition  and  meooiy 
are  called  into  play,  aud  iu  what  before  was  only  an  act  of  impulse  be- 
comes iu  fact,  or  at  least  has  the  a8[>ect  of,  deliberation.  From  tbe 
simple  vegetative  life  of  the  first  few  days  of  tbe  infant  (simple  refleijit 
soon  passes  to  the  iitatinctive  life  {activite  sensori-motrice)  thence  to  tbe 
intellectual  life  (activite  ideo-motrice).  These  thi-ee  different  estates  aR 
but  three  stages  of  the  evolution  of  one  and  tbe  same  function.  Tbe  dif- 
ferent modes  of  cerebral  activity,  the  sentiments,  will,  attention,  memoty, 
judgment,  reason,  etc.,  that  constitute  the  psychologic  faculty  devekf 
themselves  and  become  perfected  successively  by  the  harmonious  action 
of  all  parts  of  the  brain.  There  is  a  progressive  evolution  of  the  meottl 
faculties,  until  they  arrive  at  that  state  of  cousoieace  which  enables  us  to 
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disreni  the  trae  from  tbe  false,  and  the  good  from  tbe  evil ;  that  secret 
te8tiiDoiif  of  tbe  sonl  wbJch  gives  approbation  for  good  actioae, 
vtiicb  makes  reproacbes  forevil  actions,  aud  is  acharnctemticof  moral 
sen^e.  Tbe  normal  individual  is  not  naturally  disposed  to  crime.  If 
he  becomes  a  crimiDal  (criminal  of  occasion  as  veil  as  a  criminal  of 
babit),  be  does  so  uuder  the  influence  of  passion,  or  of  vicious  education. 
Tbeiofluence  of  education  ia  well  marked  iu  tbe  infant  and  it  tukes  an 
eiceptiona)  importance  in  tbe  categories  of  tbese  unbappy  Utile  ones 
of  vbom  Monsieur  Tbeophile  Roussel  bas  tangbt  us  so  luncb  in  bis  re- 
markable reiwrt  made  to  tbe  Senate  on  tbe  subjects  of  abandoned  or 
maltreated  infants,  and  bis  project  of  a  law  for  tboir  protection. 

Maoy  of  tbese  unfortunate  crimiuals  fall  under  tbe  influence  of  de- 
plorable surroundings  and  examples  because  they  are  the  subjects  of  a 
heredity,  whicli  may  be  only  nervonaormny  be  the  result  of  alcobuliam 
of  tlieir  ancestors.  Tbis  la  not  a  natural  predisposition  for  crime,  but 
»  a  pathologic  tare,  adegeneration  tt)at  troubles  tbe  cerebral  fuuctiou. 
Sometimes  tbe  center  moderators  of  tbe  brain  are  not  sufficiently  strong 
totepreas  the  nnbealtby  appetite  and  curb  tbe  improper  instinct.  Some- 
limes  tbe  center  moderators  are  too  feeble  to  repress  tbe  appetites  and 
refuse  tbe  unholy  demands  of  these  other  centers  which  arc  in  a  state 
of  erethism;  sometimes,  on  the  contrary,  tbe  center  moderators  are  out 
of  eqtiilibriam  with  themselves  and  have  not  that  pouderation  which,  in 
iheir  normal  atate  will  regalate  these  instinctive  pbenomona.  But  this 
IB  a  pathologic  state,  and  tbis  study  of  the  degenerates  of  these  sick 
people  belongs  exclnsiTely  to  tbe  medical  profesaiou  and  should  be  aab- 
mitted  to  a  clinical  investigation. 

With  tbis  preliminary  discussion  tbe  question  is  separated  from  theory 
Hud gains  in  precision  and  in  certainty.  Itisnowi'educed toaquestion 
of  diagnosis.  The  examiuatiou  still  belougs  to  thedoctor.  That  tbese 
indiTidaals  will  commit  offenses  and  crimes  is  of  small  consequence. 
The  investigation  of  the  doctor  goes  beyond  Ihe  commissiou  of  the  act 
which  is  charged  as  a  crime  and  the  inquest  should  embrace  the  life  of 
the  snbject,  bis  atavisms,  his  physical  troubles,  as  well  as  the  intellec- 
lufil,  moral,  and  affecHve  modification  which  tbey  have  produced.  Tbis 
detailed  analysis  and  attentive  research  into  the  past  life  of  the  sub- 
ject will  servo  to  clear  thequestiou  and  wilHuruisb  the  best  of  elements 
of  appreciation  upon  which  the  doctor  can  have  bis  judgment. 

We  now  pass  to  tbe  discnssiou  proper  of  the  question.  The  degen- 
erate hereditaries  are  born  with  the  mark  of  their  origin.  Their  phys- 
ical stamps  are  well  known  nud  we  do  not  stop  to  investigate  them. 
They  are  here  questions  of  but  secondary  importance.  "We  pursue  at 
present  tbe  stndy  of  the  anomalies  of  cerebral  development.  According 
totheaeat  and  generalization  of  the  leaious,  according  to  the  locality 
of  the  functional  troubles,  the  clinical  types  will  be  Turiable,  but  in 
apite  of  their  diversity  the  insensible  transitions  conduct  from  one 
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extremity  of  tbe  scale  to  tbe  otber,  from  the  def^raded  idiot  to  Uie 
degenerated  superior,  inteUigent  though  oat  of  eqnilibriam. 

We  have  but  little  here  to  say  of  tbe  idiot  who  lives  after  a  fashion 
purely  vegetative,  occasionally  even  only  by  instinct.  The  peripheric 
or  Burroundiug  excitation  provoke  the  cerebral  or  medallar^'  reflexes; 
but  they  are  naught  but  simple  refiezes  and  tbe  center  moderators  do 
notiiitervene.  From  tbe  time  the  frontal  regions  become  free  the  sa1> 
ject  commences  to  penetrate  tbe  dominion  of  realization  and  of  control 
Be  ceases  then  to  be  an  idiot  and  is  elevated  to  the  dignity  of  an  im- 
becile. The  localization  of  the  lesions  in  such  and  such  a  perceptive 
center,  or  of  more  or  less  extent  in  the  anterior  region,  explains  to  as 
that  such  and  such  faculties  have  survived  the  general  destrnctiOD  and 
thus  there  exists  the  partial  genius,  the  learued  idiot.  Tbe  study  of 
the  dis-equilibrinms,  which  as  a  class  famish  the  delinqneuts,  belongs 
to  mental  pathology ;  and  there  is  in  them  no  great  anatomic  lesions, 
but  rather  the  fnuctlonal  troubles  on  vhich  depend  the  modification  of 
the  activity  of  tbe  cerebro-spinal  axis.  The  predominating  trouble  in 
this  class  is  the  want  of  harmony,  the  failure  of  equilibrium,  not  solely 
between  the  mental  and  intellectual  faculties  upon  one  part,  and  the 
sentiments  and  desires  upon  the  other  part,  bat  there  is  a  want  of  har- 
mony of  the  intellectual  faculties  between  themselves.  The  want  «C 
eqailibriutn  extends  to  tbe  moral  character.  A  degenerate  hereditaire 
may  possibly  become  a  savant,  a  distingaisbed  magistrate,  an  eminent 
mathematician,  a  sagacious  politician,  an  efficient  administrator,  and  yet 
be  may  present  from  the  moral  point  of  view  those  profound  defects 
those  strange  and  unaccountable  actions;  and  as  on  oar  moral  side  oar 
sentiments  and  desires  are  tbe  basis  of  our  determination,  it  follows  that 
the  brilliant  faculties  of  this  individual  may  be  put  at  the  service  of  an 
evil  cause,  that  is,  at  the  service  of  instiuct,  appetite,  unhealthy  seoti- 
meuts,  etc.,  which,  owing  to  tbe  feebleness  of  the  will,  push  him  to  actd 
the  most  extravagant  and  sometimes  the  most  dangerous. 

The  abnormal  action  of  Che  cerebral  and  spinal  centers  gives  rise  to 
curious  functional  tronbles  which  are  of  the  psychic  kind.  Tbe  syn- 
dromic episodes,  tbe  extreme  manifestations  of  dis-equilibrium,  bring 
to  tight  by  their  exaggeration,  the  false  psychic  mechanism  which  is 
found,  though  in  less  degree,  among  these  dogeuerates.  Fur  example: 
The  illustrations  of  the  effect  of  the  dis-equilibrium  are  many,  and  in 
their  manifestations  are  different,  yet  they  are  all  referable  anil  trace- 
able to  the  one  cause — disturbanceofmentaland  moral^nilibrinm.  An 
individual  affected  with  some  malady  or  Just  recovered  frooi  *  spell  of 
sickness,  who  becomes  haunted,  tormented  till  he  shall  have  recalled 
the  desired  word,  or  fixed  in  its  proper  place  tbe  lace  of  a  pitasiu; 
stranger  he  has  somewhere  seen  before,  is  conscious  that  it  is  only  a 
phantom,  yet  is  unable  to  throw  off  the  spell,  to  banish  t^e  image  whidi 
possesses  his  cortical  center;  or  another  case  a  person  is  driven  as  by 
power,  uncontrollable  as  it  is  unexplaiuable,  to  make  an  attack  apon  ae 
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inoffensive  and  pOHBibly  unknowD  person  wbom  he  may  And  witbin 
reacli  of  his  fist  or  weapon;  or  one  torn  witb  a  desire  for  drink;  all  tbese 
are  phenomooa  of  the  same  featnres  and  are  illuBtratioDS  of  disturbed 
equilibriums. 

Id  these  cases  a  conflict  in  engendered  between  the  posterior  brain  (of 
which  this  particular  center  is  in  a  state  of  erethism),  and  the  moderat- 
ing centers.  The  facts  which  show  these  unhealthy  impulsions  of  syn- 
dromatic  degenerates  are  analogous  to  those  of  other  degenerates 
whose  acts  are  criminal,  while  in  the  preceding  similar  cases  the  center 
moderators,  in  spite  of  their  decreased  energy,  can,  for  a  time  at  least, 
interpose  and  hold  a  check  or  counterbalance  on  this  impulsion.  Ui>on 
the  contrary,  among  degenerate  criminals  these  centers  are  scarcely 
represented.  They  have  small  energy,  are  content  to  remain  idle,  will 
not  carry  on  the  contest,  and  their  feeble  compulsion  leaves  the  iudi- 
Tidaal  without  any  protest  fVom  the  anterior  region.  He  is  Chen  ruled 
by  his  instinct  alone,  and  this  witboat  any  counterbalance  or  govern- 
ment. 

GoDcloston:  The  infinite  changes  under  which  are  presented  the 
mental  differences  of  those  who  are  hereditarily  degenerate,  thongh 
they  may  appear  much  varied,  can  be  defluitely  classed  as  follows : 

A.  Predominance  of  intellectual  faculty,  but  moral  state  defective, — 
degenerate  criminals. 

B.  Moral  state  preponderate,  but  intellectual  faculties  and  aptitudes 
inactive  or  wanting. 

O.  Apparent  equilibrium  of  the  faculties,  but  prominent  defect  in 
bringing  them  into  usage,  as  in  application,  effort,  emotion,  etc. 

Having  gotten  this  conception  of  the  degenerates,  it  is  not  astonish- 
ing that  cerebral  anomalies  should  manifest  themselves  in  tbeir  infancy. 
These  are  the  original  tares  which  manifest  themselves  in  the  psychic 
life.  From  the  age  of  4  or  5  years,  even  before  a  vicious  edncation  has 
had  time  to  influence  or  modify  them,  these  young  subjects  will  present 
characters  of  impulsiveness,  phenomena  of  mental  arrest,  intellectual 
and  moral  anomalies,  their  strange  decisions  and  uncertain  actions  as 
though  possessed  of  an  evil  spirit  and  by  which  they  can  be  segregated 
from  their  fellows  and  established  into  a  separate  class.  These  are  ex- 
amples of  perverse  instinct,  cruel  impulses,  cruelty  to  animals.  Usually 
these  strange  anomalies  belong  only  to  a  special  part  of  the  brain  which 
may  have  beeu  gravely  affected  by  cerebral  lesions,  or  thrown  com- 
pletely out  of  equilibrium  by  functional  troubles  which  may  provoke  in 
certain  centers  a  great  excitement  and  in  others  a  diminution  of  their 
activity.  In  these  children  one  sometimes  encounters  a  hereditary 
pathology  which  may  explain  the  troubles  of  their  cerebral  develop- 
menL  The  individual  cases  which  serve  as  illnstrations  of  these  propo- 
sitions are  to  be  found  in  great  number.  They  are  set  forth  in  medical 
journals  and  are  given  by  the  standard  medical  authors.  In  each  of 
these  cases  and  in  all  others  known,  it  is  remarkable  that  in  spite  of 
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these  moral  monstroailies  oue  doea  uot  fiuil  any  pliysical  modification, 
or,  if  so,  they  are  almost  imperceptible.  Neither  is  there  to  be  found 
any  physical  braud  of  hereditary  or  aucestral  degeneracy.  Bat  a 
Rcrutiny  of  their  pathologic  life  will  reveal  that  from  their  iufancy  tber 
have  been  marked  by  the  breakiug  out  of  aoomalies  of  character,  ofin- 
stiuctiveperveraioD,  by  affective  sentiments  which  show  themselves  in 
numberlesa  ways.  From  the  very  beginning  of  their  psychic  life  they 
bave  been  subject  to  cerebral  anomalies.  The  history  of  the  infxacy  or 
a  degenerate  adult  will  show  the  evident  defective  side  of  a  mental 
orgauization  from  its  earlieatyeara  and  in  the  case  of  degenerate  iufanU 
TO  know  well  what  siguiflcatioo  to  attach  to  the  precocious  manifesu- 
tionsof  a  morhid  heredity. 

Dr.  Mangaii  preseii  ted  several  cases  and  showed  the  photographs  of 
many,  many  more  which  he  said  were  the  hereditary  dcgenenlea. 
Curious  enough  the  most  of  them  were  girls,  mainly  infants  from  7  or 
9  years  old,  to  13  and  11.  Their  conduct  as  depicted  by  him  was  most 
vile  and  abominable.  It  was  unnecessarily  and  unprofitalily  wicked. 
Only  a  few  can  be  given  as  samples  of  the  best,  the  worst  can  uot  hr 
presented : 

Marguerite  Y.,  of  12  years,  of  good  physique,  and  without  any  apparent 
mark  of  physical  degeneration,  rather  good  looHing,  intelligent,  hut 
ftill  of  vanity,  of  turbulent  and  variable  hnmor,  subject  to  violent  fltsof 
auger  when  she  broke  anything,  beat  her  mother,  stole  what  she  could 
lay  her  hands  npou,  and  excited  her  brother  to  steal.  She  would  bite 
her  little  brother  without  motive  and  without  cause,  would  take  a  pin 
withiu  her  month  and  then  invite  him  to  kiss  her  that  she  might  wound 
him.  Her  memory  was  fairly  good,  bat  it  was  sexual  troubles  which 
dominated  her.     •     •    • 

Emile  U.  would  laugh  and  cry  easily  and  without  reason.  She  had 
frequent  ami  violent  bursts  of  temper,  stole  upon  every  occasion,  stole 
the  money  from  the  pockets  of  her  father,  took  whatever  lay  abont  of 
personal  property,  would  hide  in  the  ashes  and  cinders  the  bread,  sugar, 
etc.,  destroyed  the  tools  audmerchaudisein  her  father's  shop,  declariag 
she  would  like  to  ruin  him ;  she  tried  to  poison  him,  and  on  her  starting 
for  school  in  a  gay  and  laughing  manner,  left  a  cup  of  coffee  for  her 
father  in  which  she  had  deposited  phosphorus.  She  tried  to  killiier 
twin  brother,  declaring  she  would  like  to  kill  herself.  Then  followed 
the  sexual  troubles.     -    -     ■ 

Louise  C,  9  years  old,  was  the  daughter  of  an  insane  father.  She 
lived  in  a  state  of  coutinual  excitement,  Her  iutelligeuce  was  debili- 
tated, the  evil  iustiucts  were  highly  develojied,  but  nevertheless  then 
was  DO  evidence  of  malformation,  no  physical  stigma.  She  was  inca- 
pable of  attention,  turbulent,  was  discharged  from  several  schools.  The 
teudency  to  steal  manifested  itself  at  the  age  of  3  years,  and  uhe  in- 
dulged it  upon  every  occasion  and  against  the  property  of  every  per- 
son.    At  5  years  she  was  arrested  after  a  most  violent  resistance.    She 
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vasavagaboud,  voald  cry  withoat  reason,  ber  memory  vas  feeble,  ahe 
coold  read  and  write,  but  did  not  understaod  arithmetic.  SUe  seemed 
to  have  no  moral  seoBe,  was  witbout  modesty  aod  knew  not  virtue.  Her 
itcUons  and  conduct;  was  each  as  not  to  be  described. 

Augastiae  L.  was  14  years  old.  She  entered  St.  Atine  at  10  years. 
Her  family  back  to  her  grandparents  bad  been  seriously  nfi'ected  with 
epilepay,  alcobolism,  delirium,  etc.  Her  itbysiognomy  was  agreeable 
and  there  were  uo  signs  of  physical  degeneration.  Sbe  Lad  an  excita- 
ble disposition,  her  humors  were  unequal,  sometimes  she  worked  with 
fMiility,  other  times  she  was  incapable  of  attention.  She  had  alterna- 
tions of  excitement  and  depression,  was  unstable,  passionate,  idle,  liar 
to  an  extreme  degree,  was  tormented  by  sesaal  pre-occopatiou,  was 
vithout  any  mural  sense,  without  modesty,  pity,  or  affection.  Never- 
theless was  not  an-intelligent,  although  her  memory  had  been  neglected. 
Upon  occasions  she  was  a  goo<l  worker,  but  naually  she  engaged  in  all 
sorts  of  vagabond,  idle,  evil  life  and  conduct.    -     ■    - 

Gorgette  J.  was  13  years  of  age.  Her  physiognomy  was  agreea- 
ble, without  any  physical  stain  or  stigma  that  would  give  the  idea  that 
she  was  a  degenerate.  The  contrast  between  her  physical  appearance 
and  her  moral  state  presented  a  series  of  deformities  unbelievable.  She 
was  nudisciplined  and  so  could  scarcely  read  or  write.  Evil  practices 
commenced  at  5  years  of  age  and  were  frightful.  Their  relations  are 
shocking  and  impossible  to  relate. 

And  so  there  were  others:  Jeanne  D.,  Lizzie  X.,  and  others  again 
and  again  quoted  by  Dr.  Magnan,  many  of  whose  photographs  be  ex- 
hibited to  me.  He  said  those  were  cited  simply  as  illustrations.  The 
numbers  which  had  come  within  his  observation  were  many,  bat  even 
this  freqnency  does  not  cause  ns  only  to  accord  a  secondary  impor- 
tance to  these  physical  signs  which  are  inconstant,  and  even  with  the 
aid  of  all  they  seem  very  difficult  to  form  or  constitute  a  type. 

It  is  not  the  general  contestable  characters  as  yet  andetermined,  that 
can  be  used  to  clear  the  conscience  of  the  magistrate.  Medical  juris- 
prudence demands  from  the  medical  faculty  greater  certainty.  The 
medical  expert  can  not  attain  to  that  necessary  degree  of  precision 
without  complete  clinical  examination  in  each  particular  case.  Each 
case,  he  said,  requires  a  positive  diagnosis  in  order  to  respond  to  the 
enigmas  of  the  case  or  the  demands  of  medico-legal  inquest. 

Dr.  Motet  presented  some  statistics  and  with  them  general  consider* 
ationa  in  onler  to  complete  the  communication  of  Dr.  Magnan.  Of  the 
children  brought  to  the  house  of  correction  during  the  10  years  from 
187-1  to  1884,  there  were  3,J34  children  admitted;  680  were  illiterate; 
1,119  had  been  abandoned.  He  was  in  favor  of  a  strong  organization 
which  would  give  to  these  unfortunates  ao  education  which  was  at 
once  physical,  intellectual,  and  moral.  The  agricultural  penitentiary 
colonies  were  not  his  ideal  when  it  concerned  a  child  of  the  large  cities. 
He  declared  that  the  State  alone  ought  to  have  charge  and  direction 
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of  theeducatioB  of  these  nnfortuoates,  and  to  organize  a  school  of  in* 
dastry  wbere  they  would  be  taught  proper  trades,  which  trades,  be 
said,  could  easily  be  arrauged  for  what,  is  known  in  commerce  as  th« 
"  articles  <le  Paris,"  and  the  needed  knowledge  taught  to  the  abandoDed 
and  illiterate  child.  He  gave  as  his  opinion  that  this  was  the  duty  of 
the  State  to  provide  and  care  for  these  chlldreu  and  to  so  rear  them  as 
they  should  become  honest,  respectable,  and  iadastrious  men  and 
women  instead  of  the  ignorant,  illiterate,  degenerate  crimiaats,  to  be- 
come which  they  were  now  on  the  high  road. 

This  report  gave  rise  to  a  great  discussion.  MU.  Motet,  Dalifot,  Boqb- 
sel,  and  Herbette  deplored  the  condition  of  the  law  that  placed  in  the 
houses  of  correction — children  at  an  age  from  10  to  15  years.  If  noi 
already  tTimtnalp,  they  soon  become  perverted  and  ready  to  become 
criminals.  A  more  humanitarian  law  would  have  sent  them  to  school 
and  to  church. 

Lombroso  said  that  the  perverse  instinct  of  human  natore  appeara 
even  iu  the  first  years  of  the  life  of  the  infanL  The  infant  in  his  first 
months  is  likely  to  be  vain,  prond,  selfish,  cruel,  without  moral  aeoae, 
without  honesty  or  truth,  without  knowledge  or  care  for  the  rights  of 
others,  and  without  affection;  and  this,  said  he,  is  a  crimioal  embrf- 
onnaire.  He  thanked  Dr.  Magnan  for  having  explained  many  ob- 
scnre  thiugs  found  in  Meynert.  Lombroso  explained  the  origin  oS 
his  studies  upon  the  criminality  of  infonts,  and  said  he  had  done 
nothing  else  than  to  copy  the  observers  Perez,  Spencer,  and  Tain.  In 
the  cases  submitted  by  Dr.  Magnan  which  be  had  described  aod  many 
more  of  which  he  had  exhibited  the  photographs,  Lombroso  declared 
that  he  could  recognize  in  them  the  physical  characteristics  of  true 
criminals.  Those  which  Dr.  Magnan  declared  to  be  the  evideoces  of  a 
general  paralysis,  were  to  bis  (Lombroso's)  mind  nanght  but  those  of 
the  criminal  born.  He  could  see  in  the  degenerates  the  oriminai  epi- 
leptic, the  imbecile,  with  their  stigmas  each  peculiar  to  itself.  Of  the 
seventy-eight  photographs  in  Dr.  Bronardel's  album  he  had  found  bat 
two  who  had  not  the  criminal  traits. 

MM.  Moleschott  and  Van  Hamel  came  to  the  defense  of  Hie  in&nt 
and  invoked  its  inability  of  discernment  They  declared  there  wece  no 
sncb  things  aa  innate  ideas,  nor  yet  was  there  either  criminality  or 
virtue  innate.  The  infant  was  born  unconscious  of  either.  In  its  eariy 
Infancy  it  is  not  chaste  because  it  is  unconacioua  of  shame.  It  has  no 
respect  for  the  truth,  becanse  it  does  not  know  the  difference  between 
the  truth  and  a  lie.  The  instinct  of  destruction  is  very  strong,  and  it 
destroys  with  pleasure  and  satisfaction.  M.  Moleschott  called  to  mind 
atrick  of  Ooetbo,  recoouted  by  himself,  in  which  he  described  his  de- 
light in  a  scene  in  his  infancy  when  in  the  absence  of  his  moth«'  he 
committed  an  absolute  carnage  among  the  glass  and  pottery  ware.  Bat 
the  sentiment  of  houesty  and  virtue  and  truth  developed  with  sffB. 
It  is  the  law  of  ovolutiou,  but  it  is  necessary  that  we  do  notoonfoud 
this  phase  of  evolution  with  physiologic  malady  or  with  orimintlity. 
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This  view  was  emphasized  by  M.  Roalet,  who  said  he  depended  largely 
opOD  the  physiognomy  or  thu  child,  to  which  was  added  the  reports  of 
its  condnct  Bat  he  declared  that  duriug  the  early  iufancy  there  was 
almoaC  always  an  absence  of  disoernmeat.  He  pleaded  for  precise 
detail,  close  and  accarate  inrestigatioD,  and  report  among  the  doctors 
in  order  to  determioe  the  exact  natare  and  degree  of  capability;  and 
this,  be  said,  was  the  mission  of  the  anthropologist,  who  was  destined 
to  establish  the  differential  diagnosis  of  the  infant  and  determine 
whether  it  was  a  natural-boru  criminal  or  not,  so  as  to  apr)ly  the  proper 
measares,  whether  It  be  the  bouse  of  correction,  or  a  simple  education. 
BL  Bonlet  was  a  lawyer  before  the  court  of  appeals  of  Paris,  was 
seeretary  of  the  French  anion  for  the  defense  and  the  tutelage  of  infants 
in  moral  danger.  He  said  that  he  had  defended  during  the  month  of 
October  more  than  four  hundred  infanta  before  the  tribunal  of  Seine; 
inbots  who  were  arrested  iu  Paris  for  insiguificaut  offenses,  as  vaga- 
bondage,  beggiug,  and  little  thefts.  He  bad  always  pleaded  that  they 
were  without  discernment ;  that  they  should  be  acquitted  of  the  crime, 
bat  that  the  state  should  have  charge  of  their  education.  If  the  infant 
wiLB  acqaitted,  he  demanded  that  it  should  be  confided  to  the  French 
Union  for  the  Saving  of  Infants.  Under  the  operation  of  this  society, 
the  infant  was  placed  in  the  country  and  watched  over  by  charitable 
ladies.  If  the  infant  was  still  evilly  disposed,  lie  demanded  of  the 
tribunal  that  he  should  be  sent  to  the  house  of  correction  until  he  was 
30  years  of  age,  where  he  became  the  veritable  ward  of  the  state- 
The  society  of  the  French  Union  for  the  Saving  of  Infants  bad  been 
organized  in  1887.  It  was  in  close  relation  with  the  police  and  with  the 
magistrates  and  courts:  it  had  sought  and  obtained  tbeir  confidence, 
and  there  were  now  remitted  into  its  care  a  great  many  children  who 
otherwise  must  be  sent  to  prison,  there  to  be  swallowed  up  for  all  time 
in  the  everlasting  whirlpool  of  crime.  He  asked  the  aid  of  some 
anthropologist,  who  was  at  the  same  time  an  anthroporaetrician,  to  visit 
the  P^ais  de  Justice  each  moroiog,  and  go  with  bim  through  the  crowd 
of  nrreeted  children  and  make  the  necessary  scientific  examination 
that  could  be  perpetnated  in  the  form  of  statistics ;  and  to  this  response 
Dr.  Manouvrier  promised  his  assistance  by  making  that  appointmeut 
for  each  morning.  Their  rendezvous  would  be  at  the  anthropometric 
laboratory  of  M.  Bertillon. 

M.  Escbanear,  a  Protestant  pastor,  declared  the  problem  of  saving 
ind  regeneration  of  the  inEnnt  could  be  brought  about  only  by  love. 

Dr.  Brooardel  gave  an  interesting  description  of  the  physical  and 
uental  state  of  the  gamins  of  Paris,  so  bright  and  intelligent  during 
:heir  infancy,  but  which,  as  has  been  observed  by  Lorraine  and  Tarde, 
iiarly  present  the  phenomena  of  a  singular  degradation.  S'ear  their 
ifteentb  year  their  development  was  arrested,  and  a  sort  of  physical 
lecay  was  produced  which  led  to  sexual  debasement  and  perversion, 
tltboagh  it  did  not  exclude  certain  intelteotoal  aptitades.     Some 
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became  mnsiciaDs,  poet»,  aad  painters.  These  JDiHcated  ttoables  of 
developmeot,  wbich  in  certain  cases  produced  subjects  defn^ed  and 
debaacbed,  aud  who,  under  favoring  circumstances,  were  disposed  to 
tbe  genesis  of  crime. 

M.  Theopliile  Boussel,  senator,  declared  that  to  properly  discuss  this 
question  it  was  necessary  to  occupy  an  entire  conference.  The  legis- 
lation, however  incomplete  it  might  be,  bad  already  done  mnch  for  the 
protection  of  infauts.  Tbe  state,  which  was  the  head  of  the  grand 
family,  assumes  more  and  more  of  guardianship  over  the  abandoned  or 
neglected.  And  he  quoted  a  proposed  law  wbich  corresponded  exactly 
to  the  present  preoccupation  of  tbis  cougrest*. 

M.  Herl>ette  pursued  the  same  coarse.  How  Bboald  the  infant  be 
treated  by  the  state  t  If  it  is  deprived  of  the  care  and  protection  of  its 
family,  the  state  should  become  its  guardian,  its  protector,  its  educator, 
its  father.  The  state  is  now  largely  tbe  protector  of  infants,  whether 
they  be  deprived  of  family  or  not.  It  protects  the  infants  in  tbe  family 
against  the  stupidity,  immorality,  or  crime  of  the  parents ;  it  protccta 
the  unfortunate,  whether  criminal  or  not,  in  the  house  of  correction;  it 
protects  bim  before  tbe  tribuual  aod  it  protects  bim  against  himseir, 
because  it  refuses  to  give  up  its  guardianship  until  he  shall  have 
arrived  at  majority.  Tbe  state  endeavors  to  preserve  the  infant  from 
ignorance,  vice,  or  crime.  While  man  lives  physically,  no  one  has  a 
right  to  say  that  he  is  morally  dead.  M.  Herbetie  exhibited  a  chart  of  the 
penitentiaries  of  the  country.  He  insisted  that  tbe  rAle  of  edncation 
was  prevention  of  tbe  evil  iu  its  course,  and,  without  rejecting  the  iotex- 
veutiou  of  the  societies  of  charity  and  prot^tion,  be  demanded  above 
all  the  surveillance  aud  control  of  the  state. 

Question  yf.^The  organs  and  functions  of  sense  among  criminals. 
Dr.  Frigerio  and  Dr.  Ottelingbi,  of  Turin,  were  the  reporters. 
First  part  by  Dr.  Frigerio. 

J, — The  eye  of  eriminaU. — {!)  Tbe  color  of  the  iris :  I  have  examined 
the  color  of  tbe  iris  of  700  persons  normal  and  1,500  criminals.  I  have 
encountered  a  predominance  of  the  chestnnt-colored  iris  amoug  the 
criminals,  a  considerable  proportion  of  blue  among  the  violators, 
oB'enders  against  public  morals. 

(2)  The  chromatic  sense :  Tbis  bas  been  examined  in  460  criminals 
with  tbe  method  of  Holingren.  I  have  encountered  but  0,86  per  cent, 
of  daltonism,  a  proportion  wbich  is  feeble  compared  with  theobsci^ 
vations  made  upon  Italians,  wbibh  has  usaally  given  from  1  to  3  per 
cent,  of  discbromatopsy. 

(3)  Visual  acuteness:  Observations  were  made  upon  100  criminals 
with  tbe  method  of  Smelleu.  For  refraction  we  have  met  with  an  ^ 
parent  predominant  emmetropie.  This  visual  acuteness  is  much  more 
developed  than  among  other  Italians  in  the  correspondinc  conditioos 
of  life  though  not  criminal.  r-  ,.,^,[  . 
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II.— The  ttcelelons  and  the  form  of  the  nose  among  criminals. — My  ob- 
servations u{x>n  tbe  skeletons  have  been  based  upoa  609  skulls,  amoug 
Thich  397  belong  to  tbe  normal  mau,  129  to  criminals  (75  women  and  64 
men),  50  were  insane,  13  epileptics,  ami  20  idiotB. 

The  DOSe  of  the  living  person  bas  been  studied  in  830  persons  normal 
and  392  criminals,  of  wbich  latter  193  were  tbieves,  37  swindlers,  28 
robbers,  40  murderers,  22  violators.  We  also  examined  60  insane,  40 
epileptics,  and  10  idiots. 

For  tbe  obaervatious  made  upon  tbe  skeleton  I  have  encountered  the 
anomaly  of  the  nasal  ecbaucrure,  tbnt  furnishes  a  new  abnormal  char- 
acter of  the  criminal  man,  and  which  I  believe  to  be  atavic.  To  this 
must  be  added  frequent  irregularity  of  the  nasal  overture,  osyucbie, 
md  deviation  of  the  nasal  bone. 

AuioD£  the  living  tbe  larger  number  of  criminals  show  a  nose  square 
or  wary,  of  average  length,  but  rather  large  and  oft«n  twisted.  The 
robber  lias  often  tbe  broken  nose;  not  large,  short,  wide,  mashed,  and 
twisted:  the  assassin  straight,  long,  escessively  large,  wide,  nearly 
always  protuberaut  and  twisted. 

IIL—Tke  sense  of  gmell  among  criminaU. — I  have  examiDe<l  80  crim- 
inals {aO  men  and  30  women)  and  f>0  normal  persons,  30  men,  the  most 
part  tbe  guards  at  the  prisons,  and  20  women  of  average  culture.  I  com- 
posed for  that  purpose  an  osmometre  made  by  twelve  aqueous  solutions 
of  Ihe  essence  of  girofi^e  in  order  of  increasing  concentration  Irom  t^i^ 
lo  To?,  of  which  50  cubic  centimetres  were  each  placed  in  a  glass  bottle 
vitb  ground  stopper.    The  following  were  my  conclusions: 

(1)  Au  inferior  sense  of  smell  among  criminals  as  compared  with  nor- 
mal persons. 
(i)  The  sense  of  smell  more  feeble  among  women  than  among  men. 
(3)  The  sense  of  smell  more  feeble  among  criminal  women  than  among 
Borntal  women. 

ly. — The  scnseof  taste  among  criminals. — I  examined  60  habitual  crim- 
inals, born  criminals,  20  criminals  of  occasion,  those  which  yielded  to 
pasHion,  sudden  impulse,  etc.,  20  uonnal  men  of  the  inferior  classes,  50 
proressors  and  students,  20  women  of  average  intellectual  cnltnre,  20 
criminal  women.     All  were  between  20  and  50  years  of  age. 

Observations  were  made  of  tbe  taste  bitter,  taste  sweet,  and  the  taste 
ulty.  It  was  accomplished  by  a  delicato  solution  of  strychnine  go^croa; 
of  sngar  -nrsVirii)  and  salt,  ^5.  Tbe  tables  are  omitted  but  the  conclu- 
8iOD8  are  given  a«  follows : 

(1)  Tbe  taste  is  less  developed  among  criminals  than  among  normal 
personsof  the  same  class. 

i'i)  The  taste  is  less  developed  among  those  who  are  criminals  bom 
tbaa  among  the  criminals  of  occasion. 
(3)  The  sense  of  taate  is  slightly  less  among  women  than  among  men. 
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(4)  The  sense  of  taste  among  crimiDal  women  is  inferior  to  that  o( 
normal  women,  but  is  more  delicate  than  among  criminal  men. 

(5)  Several  cases  of  partial  failnre  of  taste  among  criminal  men. 

V. — The  BCfue  of  hearing  among  eriminaU. — Second  part  by  Dr.  Otte- 
linghi,  of  Tnrin. 

No  organ  of  sense  comes  to  such  perfection  in  criminals  as  that  of 
hearing.  We  hare  come  to  this  conclusion  both  from  our  directesam- 
ination  and  from  the  information  received  from  the  prison  goardft.  It 
is  without  doubt  tme  that  the  disnse  of  one  sense  will  serve  to  sharpen 
another.  As  is  the  sense  of  toach  among  the  blind,  so  is  the  sense  oT 
hearing  among  those  prisoners  who  are  condemned  to  silence.  In  oui 
prisons  where  silence  is  required  the  prisoners  have  succeeded  io  es- 
tablishing means  of  communication  which  might  rival  the  telegraphic 
apparatas.  The  cells  are  divided  b;  a  corridor  along  which  constantiy 
passes  oue  of  the  guards,  so  that  the  prisoners  have  no  opportunity  of 
commanication  with  each  other.  It  has  come  to  be  known  definitely 
and  certainly  that  they  communicate  with  each  other  by  means  of  a 
tapping  or  striking  upon  the  wall  or  other  substance.  This  sort  of  tel- 
egraphic communication  may  be  likened  nnto  the  old  Morse  alphabet; 
one  stroke  for  a,  two  for  b,  and  other  changes  and  variations  for  the 
other  letters.  Tbey  did  not  use  the  letter  k :  no  reason  was  given  for 
the  omission.  Thus  it  happens  that  a  prisoner  will  continue  bis  wort 
even  in  the  presence  of  the  gnard  who  is  watching  him,  yet  by  tbe 
strokes  which  be  may  make  in  bis  work  he  can  communicate  with  the 
other  prisoners  who  may  be  within  earshot,  and  it  does  not  seem  to 
make  much  diQ'erence  to  them  whether  the  surroondings  are  in  silenw 
or  amidst  a  deafening  noise.  In  case  of  the  latter  they  seem  to  be  able 
by  their  fineness  of  hearing  to  pick  oat  the  taps  or  strokes  which  form 
tbe  letters,  as  one  would  read  a  book  or  paper  silently,  while  around 
bim  was  such  a  noise  as  that  if  he  spoke  aloud  he  conld  scarcely  hear 
bis  own  voice. 

Although  tbe  guardians  wore  slippers  shod  with  cloth  or  felt,  in- 
tended to  enable  them  to  walk  noiselessly,  yet  every  criminal  detects 
the  difference  in  tbe  step  of  the  various  guards  so  as  to  tell  which  cm 
was  approaching. 

These  examinations  were  made  opou  280  criminals  in  the  prisons. 
For  tbe  most  part  tbe  sense  of  hearing  was  iu  excellent  condition. 
With  their  eyes  bandaged,  standing  at  a  distance  of  1  or  2  metres,  tbey 
oould  hear  tbe  ticktack  of  a  watch.  We  attempted  an  experience  with 
the  transmission  of  sound  by  tbe  aid  of  the  os  craniens,  but  witbont 
any  conclusion.  Our  examination  of  insane  criminals  was  also  witfaoat 
conclusion.  In  the  number  of  autopsies  which  we  made  upon  iusaue 
criminals  we  have  always  found  the  convolution  temporo-aphxnoiinl  is 
a  proportionate  normal  state,  and  have  never  fonud  that  among  tlie 
criminals  condemned  to  silence,  there  seemed  to  b«  any  difference  in 
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tbe  cvnvotatiou  of  that  portJoa  of  the  braJD,  which  would  tend  to  show 
any  other  than  a  normal  coDditioa  or  normal  activity.  If  the  ehnrji- 
ness  of  lieariDg  amoi>{f  crimioals  is  eiigeudereil  by  the  inertia  or  ditsii»e 
oftLe  other  senses  we  were  onable  to  find  any  physiolofffcal  or  nnatom- 
I  iral  evidence  of  it  in  the  brains  of  those  whose  autopsies  we  made. 

Quention  VII The  determination  by  mpans  of  criminal  anthropol- 
ogy of  the  class  of  delinquents  to  which  a  given  criminal  may  belong. 
finroii  Garofalo,  viue-president  of  the  civil  tribanal  of  I^^aptes.  reporter. 
For  the  determination  of  this  question  a  psychological  stndy  of  the 
criiuiual  ia  indispensable,  and  this  is  possibly  the  principal  branch  of 
crimiDal  antliropology.  The  anatomic  characters  can  only  furnish  in- 
dication, and  it  is  necessary  to  complete  the  moral  tlgnrc  of  the  criminal 
liy  the  investigation  of  his  psychic  anomaly. 

(1)  lu  order  to  recognize  this  psychic  anomaly  the  kind  of  offense  will 
suffice  sometimes.  But  it  is  necessary  that  the  phrase  "kind  of  offense" 
aboDid  be  employed  distinct  from  the  language  of  the  penal  code  or  the 
jadjcini  theory.  Thaa,  for  example,  in  the  case  of  murder  the  word  pre- 
meditation may  be  insufficient  to  authorize  us  to  class  the  offender 
along  with  murderers,  for  one  can  kill,  even  with  premeditation,  the 
munlerer  of  his  fHther  or  the  seducer  of  his  sister  without  being  thereby 
classed  among  the  criminals  born.  All  the  vengeances  of  blood,  the 
Tendettas,  are  of  the  same  kind,  because  there  is  not  a  seeking  for  that 
egotistic  .satisfaction  which  compels  the  man  to  murder  or  makes  him 
criminal  born.  These  offenses  are  oftener  the  effect  of  an  altruinm, 
BUcU  as  amour  propre  or  case  of  honor.  On  the  other  baud  a  man  may 
have  the  most  monstrous  criminal  nature  and  yet  be  a  simple  murderer 
withont  being  an  assassin ;  nor  is  it  any  belter  to  determine  the  assas- 
sination from  the  motive,  for  either  murder  or  assassination  may  take 
place  without  any  of  the  motives  which  influence  the  average  man. 
Men  in  all  the  enjoyment  of  their  psychic  faculties  wilt  kill  sometimes 
as  though  they  were  savages;  sometimes  from  vanity,  sometimes  to 
show  tbeir  force,  their  address;  sometimes  to  acquire  notoriety.  And 
again,  the  murder  with  an  apparently  snfQcient  motive,  may  be  nothing 
more  after  all  than  the  work  of  a  maniac,  epileptic,  hysteric,  etc.  Even 
in  the  case  of  brigandage  one  can  not  be  sure  of  the  nature  of  the  crim- 
iual  without  having  examined  him  physically  and  morally.  Where 
brigandage  is  endemic  a  son  follows  his  father  or  his  older  brother  on 
an  ex[»edition  which  has  no  other  end  than  to  rob  the  passing  travellers 
and  to  kill  them  if  they  should  resist,  still  he  is  not  to  be  classed  by 
anthropologists  among  the  born  criminals.  It  may  happen  that  the  brig- 
and who,  if  investigated  anthropologically,  ethnologically,  or  morally, 
would  pass  the  whole  examination  with  high  credit  marks,  would  yet  in 
the  cases  cited  follow  his  father  or  older  brother  in  his  trade  or  profes- 
sion and  be  a  brigand. 
H.  Mis.  129 -42 
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A  classification  of  tbe  penal  code  might  make  no  differeoces  between 
tbese  offflDses,  while  autbropologic  and  psychologic  investigations  woald 
have  to  take  account  of  them. 

In  order  to  place  a  criminal  in  the  degenerate  classes  of  monatrong 
crimiuals  it  is  necessary  that  he  should  exhibit  an  iDoate  or  instiiiclive 
oraelty,  such  as  is  found  in  certain  savage  peoples.  Id  that  case  tbe 
murder  is  committed  with  a  purely  egotistic  aim,  that  is  to  say,  tbat 
the  criminal  has  been  moved  by  a  desire  of  some  individual  satisfac- 
tion; when  there  bas  been  on  the  part  of  the  victim  an  absence  of  what 
would  constitute  provocation  on  the  part  of  a  normal  man ;  when  ttie 
murder  has  bf  en  accompanied  by  brutality  made  with  intent  to  proloog 
tlie  agony,  that  it  may  give  pleasure  to  the  fiendish  character  of  the 
criminal.  It  is  in  these  terrible  crimes,  by  which  the  monstrous  natare 
of  the  criminal  is  to  be  recognized.  After  this  be  once  established  there 
is  still  to  distinguish  between  tbe  born  assassin  and  the  insane  or 
epileptic  individual,  who  is  either  impelled  by  an  imaginary  superior 
force  or  else  from  want  of  perception  of  the  nature  of  crime  is  held  to 
be  not  responsible. 

(2)  The  cases  cited  are  confessed  to  be  of  extreme  anomaly.  Some- 
times tbe  circumstances  themselves  in  which  the  crime  has  been  com- 
mitted are  sufficient  to  show  the  nature  of  the  criminal.  In  case^ 
where  this  is  in  doubt  and  it  is  desired  to  determine  to  which  class  be 
belongs,  there  should  be  the  examination  psychologic  and  anthm)»- 
logic.  The  anthropologic  characters  are  of  an  importance  and  often- 
times decisive  when  taken  from  the  diagnosis  of  infants  or  young  ciiin- 
iuals.  There  are  those  who  are  recognized  as  having  this  taint  of  boru 
crimiuality  by  their  light  offenses,  their  fighting,  lying,  cruelly,  wsd- 
tonuess,  truancy,  theft,  etc,  and  those  bad  boys,  incorrigible  youiip 
sters,  always  doing  things  not  simply  mischievous,  but  things  wbicli 
they  know  to  be  wrong,  though  they  may  not  be  high  crimes.  But 
these  individuals,  being  examined  by  anthropology,  may  present  at  the 
same  time  the  characters  of  moral  insanity  and  of  innate  crimiualiCy 
The  sangninary  iustinct  manifests  itself  frequently  from  the  first  in- 
fancy by  a  series  of  acts  just  described  as  slight  offenses,  but  which  are 
unjustifiable,  frequently  repeated,  yet  of  which  the  parent  or  teacher 
in  authority  takes  no  notice,  because  of  the  youth  or  feebleness  of  tbe 
child.  Arrived  at  manhood,  when  be  has  finished  his  evil  career  by 
assassi nation,  murder,  and  the  higher  crimes,  then  is  remembered  these 
minor  offenses  in  his  infancy  which  were  the  fore-runners  of  graver  aod 
more  hideous  crimes.  In  these  and  similar  cases  one  can  find  the  trp- 
ical  physiognomy  of  the  assassin,  the  cold  regard,  the  fixed  eye,  ibe 
marked  cranial  deformation,  an  excessive  length  of  the  lower  part  of  tbe 
face,  the  forehead  narrow  and  retreating,  and  other  regressive  siCDt^; 
or,  perhaps,  such  atypic  anomalies  as  plagiocephaly  and  tcapkocepiuU 
and  among  those  who  commit  rape  the  thickness  and  grossuess  of  tbe 
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lipa.  Aod  as  for  the  moral  sentiment,  there  may  be  ebowD  a  complete 
indiffereuce  for  the  victim.  Apathy  and  egotism  may  be  shown  by  the 
preoccnpatioD  of  the  criminal  as  to  tbe  jioBsible  duration  of  bis  punish- 
ment and  the  pleasures  of  which  it  will  deL>rtye  him.  If  the  anthropo- 
lofic  student  will  charge  up  against  the  delinqnent  the  kind  and  tbe 
freqaeocy  of  these  small  offenses  in  his  extreme  infancy,  will  note  his 
paychologic  and  anthropologic  characters,  and  take  into  acconuttbe 
heredity  of  vice,  of  insanity,  or  of  crime,  he  can  prophesy  that  the  infant 
or  yoang  person  with  these  mental  and  moralcharacteristics  will,  if  the 
|)rovocatiou  or  opportunity  arise,  become  an  assassin.  It  is  not  rare 
for  tbe  psychopathic  form  to  manifest  itself  in  subsequent  time,  and 
(hen  one  may  fairly  conclude  it  to  be  a  case  of  either  insanity,  epilepsy, 
or  a  born  criminal. 

(3)  The  pUysical  observation  of  the  delinqnent  shonld  be  continued, 
to  tbe  end  that  one  may  distinguish  the  impulsive  characters ;  that  is 
U  say,  those  characters  which  impede  or  prevent  moral  resistance  to 
the  passions  which  excite  to  crime,  principally  anger,  vengeance,  alco- 
tiolisni,  insanity,  epilepsy,  and  certain  other  characteristics  which  de- 
scend by  heredity.  This  class  of  delinquents  are  midway  between  the 
malefactors  by  instinct  and  those  of  occasion.  Although  this  teudency 
to  crime  is  a  germ  in  their  individual  organisms,  which  becomes  semi- 
|)alhologic,  yet  the  germ  will  rest  latent  and  unprodnctive,  if  there  is 
Dotaddetl  to  it  an  impulsion  from  the  exterior  world.  This  impulsion 
in  reqaired  in  order  to  cause  them  to  commit  crime  which  leads  us  to 
class  them  as  criminals  of  occasion.  As  soon  as  this  exterior  impulsion 
is  found  to  be  not  necessary,  or,  if  the  crime  is  immoderate  as  compared 
Tith  the  impulsion,  then  tbe  delinquent  is  to  be  classed  as  tt  criminal 
born. 

The  regressive  anomalies  of  the  skull  and  of  the  physiognomic  type 
of  ioferior  races  that  has  been  so  frequently  remarked  in  the  criminal 
born  are  nearly  always  absentfrom  the  impulsive  criminal.  But  on  the 
other  hand  these  latter  are  characterized  by  nervous  anomalies,  and  by 
other  strikiog  maladies.  It  follows  as  a  result  of  this  theory  that  in 
marders  or  assaults  arising  from  a  quarrel  or  riot,  one  can  easily  under- 
stand how  there  can  be  two  classes  of  criminals — tbe  criminal  impul- 
sive, and  tbe  criminal  by  chance.  The  first,  which  are  partially  crim- 
inals born,  are  much  more  daugerons  to  society  than  tbe  latter.  They 
may  commit  crime  from  disease  as  mnch  as  from  instinct  and  ought  to 
be  made  objects  of  particular  treatment,  as  much  by  the  medical  man 
iu  the  hospital  as  tbe  policeman  in  tbe  prison. 

(4)  Tbe  terms  used  in  jurisprudence  for  the  description  of  a  great 
Damber  of  crimes  signifies  nearly  nothing  fur  tbe  anthropologist.  In 
tbe  science  of  criminal  anthropology  the  author  of  a  given  crime  may 
he  ranged  under  different  classes  of  criminals.  He  may  be  a  criminal 
bora ;  he  may  be  a  criminal  impulsive,  or  only  a  criminal  of  occasion. 
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According  to  the  penal  law  there  are  but  two  termB :  the  criminal  and 
the  panishmeii  t,  while  crimiDal  anthropology,  the  new  science,  hu  time 
terms ;  (1)  the  crime,  (2)  the  criiniual,  and  (3)  the  panishment  or  the 
atlapted  repressive  measures.  These  repressive  measares  ace  to  be 
again  divided  according  as  they  are  applied  to  the  different  cliiGses  ol 
criminals. 

(5)  In  classing  as  criminals  those  who  commit  offenses  against  prop- 
erty, such  as  robtiers,  thieves,  swindlers,  forgers,  etc.,  psychology 
plays  a  rdle  even  more  important  tbau  atithro{K>logy.  The  sentitDeiit 
of  probity  is  less  instinctive  than  that  of  charity  or  pity  and  is  not  do- 
pendent  upon  the  organism  because  it  is  more  recent  and  less  tnna- 
missible  by  heredity.  It  happens  that  exterior  causes,  eucb  as  the 
surroundings, conditions,  examples,  education,  and  economic  conditiom 
may  have  a  greater  effect  upon  this  species  of  criminality.  In  the  cue 
of  the  robber  or  thief,  along  with  the  morbid  form,  kleptomania,  there 
is  an  instinct  to  steal  caused  by  heredity  or  atavism,  which  ia  oftei 
manifested  by  anthropologic  signs  and  above  all  by  special  physiognomy. 
The  most  striking  characters  are  those  mentioned  by  Lombroso  of  the 
extreme  mobility  of  the  face  and  hands,  small  and  bright  eye,  heavy 
and  continuous  eyebrows,  the  camua  nose,  small  and  retreating  five- 
head,  etc. 

Wheu  these  characteristics  are  found  upon  the  recidivist,  that  is, 
the  incorrigible  criminal,  one  can  be  sure  that  he  has  to  do  with  acrim- 
inal  born.  It  is  Sequent  that  among  vagabonds,  robbers,  thievee, 
and  other  criminals  against  pro[>erty  there  is  a  physical  and  moral 
neurastbeny,  a  term  coined  by  Benedikt,  of  Yieuna;  that  is  to  say,  an 
aversion  to  labor  and  to  every  moral  combat  for  the  right,  derived  from 
a  nervous  oonBtitntion,  and  which  is  combined  with,  or  perhaps  hu 
produced  a  desire  to  enjoy  the  pteasnres  of  life  and  to  iodulge  in  its 
Inxuries  quite  beyond  his  means.  Wheu  the  circumstances  of  life  an 
hard  upon  such  an  individual,  and  he  is  subjected  to  an  economic  or 
social  crisis,  he  is  more  likely  to  become~a  criminal,  becanse  crime  may 
aid  biui  in  the  satisfaction  of  his  desires.  To  this  nearastbenic  clan 
belong  the  vagabonds,  thieves,  and  swindlers,  whose  improbity  may 
have  commenced  by  unfortunate  circnmstances,  such  as  being  out  of 
work,  loss  of  place,  evil  company,  bad  example,  and  improper  moral 
education, 'and  which  ends  in  his  becoming  an  instinctive  criminaL 
The  neurasthenic  and  the  habitual  or  instinctive  criminal  ou^t  there- 
fore to  be  grouped  together,  because  they  are  equally  iooorrigtble, 
antil  at  least  the  social  and  economic  situation  of  the  former  shall  be- 
come so  changed  as  to  offer  them  the  enjoyment  of  all  pleasures  and 
luxuries  which  they  desire  without  the  need  to  work.  It  is  Decessary, 
however,  to  make  exceptions  for  young  persons  who  are  driven  into 
vagabondage  and  are  thieves  by  bad  examples,  and  evil  surroDndiugB 
and  associations.    Althoogb  they  may  have  become  habitoal  criminald, 
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yet  they  may  not  be  incorrigible,  certainly  not  nntil  they  shall  have 
arrired  at  the  age  wheu  the  character  is  Axed. 

(6)  It  follows  as  a  necessary  conclusion  that  as  each  of  these  classes 
of  delinquents  may  be  determined  with  anything  approaching  pre- 
cision an  enlightened  legislature  should  adopt  a  special  treatment.  It 
is  not  astonishing  that  the  legislators  and  magistrates  who  make  and 
deal  with  the  criminal  laws  should  repulse  the  services  and  the  aid  of 
psychology  and  anthro[>ology,  and  should  persist  in  their  a  priori  per- 
ceptions and  in  nuiform  pret^ptij,  without  giving  considfration  to  the 
infinite  variety  in  criminals  produced  by  so  many  different  causes  and 
inflnenced  so  differently  by  surroandingH,al)  of  which  go  in  such  supreme 
degree  to  form  the  gnilty  and  reprehensible  intent  with  which  the  crime 
was  committed,  or  which  on  the  other  hand  may  take  away  that  in- 
tent and  form  either  a  justiScation  or  excnse. 

H.  Puglia  gave  his  unqualified  assent  and  support  to  the  propositions 
advanced  by  Baron  Garofalo. 

M.  Alimena,  on  the  contrary,  assailed  the  entire  classification.  Ac- 
cording to  him  the  examination,  whether  anthropological,  physical,  or 
psychological,  woa  insafficient  to  more  than  raise  presumptions  and 
invent  theories,  while  certainty  was  required  in  dealing  with  judicial 
questions  and  cases.  If  exterior  and  physical  anomalies  are  appreci- 
ated, why  not  apply  the  same  rule  to  internal  anomaliesi  What,  he 
demanded,  did  it  signify  as  to  the  dejith  or  size,  more  or  less,  of  the 
occipital  fossette  in  the  sknll  of  Charlotte  Oorday  which  we  now  saw 
in  the  collection  of  Prince  Boland  BonaparteT  If  it  indicates,  as  is 
claimed,  that  she  was  a  born  criminal,  then  instead  of  being  a  heroine 
who  rid  the  world  of  a  monster,  she  was  naught  but  a  common,  vulgar, 
tmpalsive  murderess. 

The  diifereuce  should  be  recognized  between  a  purely  scientific  treat- 
ment of  criminals  and  the  practical  treatment  which  they  must  receive 
under  the  law.  If  science  advances  so  does  the  law.  But  they  go  at 
different  rates.  Science  fiies  on  wings  of  the  mind,  while  the  law 
marches  along  in  stately  and  dignified  tread  with  leaden  sandals. 
Scientific  errors  are  easily  corrected.  They  do  no  harm.  They  come 
down  upon  us  and  envelop  us  as  does  the  fog  the  earth,  but  lilie  the 
mists  of  the  morning  which  fade  away  before  the  sunlight  of  lieaven, 
so  do  they  nnderthe  light  of  investigation  ;  while  the  jurisprudence  of 
the  country,  solid  and  enduring,  and,  more  like  the  earth  which  has  been 
bidden,  remains  after  the  fog  has  been  dissolved  into  a  few  drops  of 
dew. 

He  expressed  his  opinion  that  of  all  these  sciences,  psychology 
woald  be  most  productive  in  results,  aud  he  much  regretted  that  the 
schools  of  law  and  of  medicine  did  not  teach  this  science. 

Lombroso  responded  that  bis  works  or  his  opinions  were  not  opposed 
to  nor  contradicted  by  any  psychologic  diagnosis.  He  returned  to  the 
sball  of  Charlotte  Oorday, which  he  said  demonstrated  anatomic  char- 
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acters  of  the  criminal  born,  snch  as  platycepbalic,  the  occipital  fosaette, 
iiDil  other  characters  of  the  viril  akull. 

Dr.  Topioard  res|>onded  to  bim  by  afflrming  that  the  sknll  of  Char- 
lotte Corday  was  normal,  and  that  it  presents  all  tbe  proper  cbsracten 
of  tbe  skull  of  a  woman.  The  platycephalic  was  a  normal  charactei 
and  the  vermicular  fossette  was  not  an  anomaly,  and  tbeie  was  notiiing 
irregular  in  the  skull  unless  it  should  be  its  platycephalic,  and  he  said 
it  was  rare  or  never  that  a  skull  was  tbe  same  in  all  its  parts  and  on 
bctb  its  sides.  Nearly  all  skulls  showed  a  difference  or  distinction  oo 
tbe  one  side  or  the  other. 

M.  Bcuedikt  opposed  this  theory  of  the  craniometric  methods  and 
also  the  psychologic  characteristics  enumerated  by  Baron  Garofalo, 
which,  be  said,  would  beloug  equally  to  the  dyspeptics  and  the  nearal- 
■tics.  It  WAS  easy  to  make  hypotheses,  and  according  to  his  belief  one 
had  as  much  right  to  say  that  tbe  occipital  fossette  was  an  indicatioo 
of  a  predisposition  to  bemorrboids  as  much  as  it  was  to  crime. 

Perri  and  Lombroso  replied  rigorously  to  Dr.  Benedikt,  while  Sen- 
ator Molescbott  came  to  bis  aid. 

Dr.  Brouardel  recalled  tbe  speakers  to  tbe  discnssioo  of  tbe  report  of 
Baron  Garofalo.  The  problem  proposed  by  bim  was  a  classification  of 
criminals.  The  crime  itself  is  insufficient  to  class  the  criminal.  Tbe 
decision  must  t>e  upon  all  tbe  evidence.  One  insane  act  is  not  SQfB- 
cieut  to  characterize  an  insane  person.  It  must  be  vstablished  by  tbe 
antecedents  of  the  subject^  his  lormer  life,  bis  peculiarities,  and  his 
physical  sigus.  This  was  tbe  only  true  system  to  be  pursued,  and  anr 
purely  physical  or  purely  psychologic  examination  wouid  be  insoffi- 
cient  and  was  to  be  repulsed  entirely.  Suppose  the  theories  of  Baron 
Garofalo  to  prevail,  then  a  criminal  born,  acconiing  to  his  views,  shonid 
be  arrested  at  ouce  and  confined  in  some  special  establishment. 

M.  Herbette  took  up  the  discnesion  and  enumerated  the  results  ob- 
tained by  tbe  administration  of  tbe  jienitentiaries.  We  have,  said  be, 
at  one  time  the  prisoners  aud  the  sick  people.  The  prison  is  not  a  boa- 
pital.  The  hospital  is  an  association  for  the  good  of  tbe  sick  and  where 
they  may  furnish  a  subject  of  study  and  experience.  In  the  modt  of 
theui  the  entry  is  free,  and  iu  all  tbe  departure  equally  free.  In  tbe 
prison  the  situation  is  entirely  different.  The  prisoner  is  imprisonedac 
a  result  of  the  penal  right  of  society  to  protect  itself. 

M.  Ijacassagoe  protested  that  for  tbe  sake  of  science,  for  the  sake  of 
society,  for  tbe  sake  of  investigation  into  crime  aud  its  causes,  tbe  law 
should  give  to  the  prison  authorities  tbe  right  to  investigate  the  biolof^r 
of  the  criminal  and  tbe  sole  control  of  the  cadaver  of  tbe  criminal, 
whether  bis  death  was  infliuted  by  the  law  or  came  from  other  causes. 

Bnt  M.  Herbette  declared  be  would  not  go  so  far,  aud  he  connsekd 
patience,  study,  careful  investigation,  great  conservatism,  regard  fof 
the  feelings  of  the  public,  so  to  tbe  end  there  should  be  no  revulsion  od 
their  part,  for  the  reforms  which  were  foroed  might  bring  great  risks  to 
science  and  compromise  its  success.  ,  C  ti.^O'^^  Ic 
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Quettion  VIII. — Tbe  conditional  litieratioa  of  crtmiiialB.  Dr.  Scmal, 
director  of  the  iDsane  asylum  of  tlie  state  at  Mous,  Belgium,  reporter. 

(1)  In  Btudyiug  the  right  of  society  to  pnnieh  a  criminal,  one  is 
struck  with  the  inBistaace  of  the  law  a[>OD  the  characters  and  circum- 
stances  of  the  offeDse,  without  the  slightest  examination  into  the  per- 
soD»lities  or  conditions  of  tbe  deliuquent.  Dr.  Semal  advocated  a 
pay clio- moral  exainiuation  of  the  delinquent  iu  order  to  determine  his 
coadition,  wheUmr  he  was  a  confirmed  criminal  or  only  a  criminal  on 
occasion;  and  whether  he  might  not  in  the  one  case  be  given  a  condi- 
[ioual  liberation,  and  in  tbe  other  be  continued  indefinitely  in  confine- 
meut.  One  ot  tbe  theories  of  tbe  penal  code  which  forms  a  foundation 
for  the  ri(;ht  to  punish,  is  the  possible  reformation  of  the  delinquent; 
hut  the  idea  of  a  fixed  term  of  imprisonment  as  a  punishment  for  one 
class,  and  another  term  for  another  class  of  offenders,  is  opposed  to 
the  tlieory  of  jKtssible  reformation.  To  give  this  idea  of  reformation 
fall  eflect,  there  sbould  be  a  conditional  liberation  which  should  take 
effect  Booner  in  one  proper  case,  and  later,  or  not  at  all,  iu  na  impro))er 
case.  Ue  declared  a  scheme  of  conditional  liberation  contd  be  provided 
Tliicb  would  be  more  rational,  more  humane,  and  more  successful  iu 
tbe  reformation  of  criminals. 

The  jurist,  in  writing  ou  this  subject,  contents  himself  to  remain 
vitliiD  tbe  limits  of  the  written  law,  and  declares  himself  satisfied  by 
tbe  uniform  and  inflexible  application  of  formulas  which  have  been  crys- 
tallized iu  the  codes.  The  decay  of  these  doctrines  will  appear  where 
to  tbe  safety  of  the  public  or  society  is  added  the  desire  to  reform  the 
crimiual.  Bat  their  destruction  will  not  be  complete  until  crime  is  re- 
eurded  as  a  natural  phenomenon  which  can  be  prevented  by  a  study  of 
tliflBocial  and  individual  causes  which  lead  up  to  it.  From  this  there 
are  to  be  made  two  deductions :  (1)  If  the  punishment  is  the  principal 
object  of  the  repressive  system,  why  should  it  be  prolonged  when  it  has 
contributed  all  it  can  to  the  reformation  of  the  condemned  f  This  is  the 
romidation  of  conditional  liberation.  (2)  If  tbe  penal  condemnation  is 
fiofficient  to  awaken  in  tbe  heart  of  the  delinquent  his  heretofore  smoth- 
ered sentiments  of  right  and  justice,  and  if  tbe  moral  eSiiCt  of  bis  offense 
is  complete  by  tbe  fact  of  his  condemnation,  why  should  be  be  com- 
pelled to  serve,  or  even  enter  upon,  a  term  of  imprisonment  f  And 
from  this  has  sprung  the  theory  of  conditional  sentence.  These  two 
propositions  contain  tbe  germs  of  the  radical  reform  of  tbe  repressive 
8.VHteni.  They  tend  to  give  to  tbe  convicted  criminal  the  opportunity  to 
<leterinine  by  his  conduct  if  he  will  have  his  sentence  postponed  indefi- 
nitely, and  his  liberation  made  at  once,  even  though  it  be  on  probation 
and  Duder  surveillance,  he  to  be  returned  to  prison  on  his  first  move- 
ment towards  a  return  to  bis  former  crimiual  life. 

(2)  The  proposed  law  of  conditional  liberation  wonld  operate  upon 
the  Bentimeut«  of  tbe  condemned  person,  of  which  we  can  suppose  the 
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existeoce;  aud  in  order  toestablisb  with  certainty  tbis  proposition,  it 
is  proposed  to  give  faim  a  scientific  psychologic  examiuatioD. 

Man  can  be  judged  only  by  his  acts.  There  may  be  a  sort  of  latent 
crimiuality  always  ready  to  explode  noder  the  shock  of  propitious  cir- 
cumstances, as  an  expression  of  a  diathesic  stage  dominated  by  hered- 
ity, and  of  which  biologic  science  can  enamerate  the  signs.  A  {ts.vclio- 
lo^ic  analysis  is  indispensable  in  order  to  determine  these  qnestiona.  Tbe 
necessity  of  a  psychologic  examination  of  the  delinquent  is  im[M»ed 
because  it  is  tbe  only  method  by  which  one  can  determine  tbe  exieteuoe 
of  such  sentiments  as  will  antborize  tbe  conditional  liberatioD  or  ongbt 
U>  postpone  the  punishment. 

(3)  As  to  the  practicability  of  this  we  have  to  remark  that  the  pres- 
ent theory  and  past  experience  has  only  resnlted  in  a  maltiplication  of 
punishment  without  having  reduced  the  extent  of  criminality;  and 
this,  whether  in  the  number  of  tbe  crimes,  their  frequency,  or  their 
grades.  By  the  old  system  neither  the  geuesis  or  evolution  of  crime 
has  been  studied  ;  neither  the  legislator  nor  the  jurist  seem  to  have 
ever  considered  wby  an  evil-minded  minority  should  persevere  in  the 
commission  of  crime  while  the  majority  of  people  are  houetit,  well  dis- 
posed, and  of  good  repute.  It  is  therefore  towards  the  modern  scbod 
of  positivists  that  we  must  turn  for  a  solation  of  this  matter,  because 
it  alone  seems  to  have  studied  crime  as  a  natural  phenomenon  arising 
from  multiple  causes. 

(4)  The  principle  of  tbe  reformation  of  the  criminal  by  the  opera- 
tion of  the  penal  system  is  in  contradiction  with  tbe  fixation  in  ad- 
vance of  the  dnrattOD  of  tbe  cure  to  which  the  delinquent  has  to  xuh- 
mit.  The  new  theory  of  jurisprudence  will  permit  whoever  or  what- 
ever criminal  shall  show  himself  to  be  repentant  and  ino£Fensive  to  be 
conditionally  liberated,  and  this  offer  should  be  made  or  tbe  op|x>rta- 
nity  given  even  to  those  who  refuse  or  those  who  find  themselves  in 
the  imi>o»sibtIity  to  reform.  Tbe  reformation  of  tbe  delinquent,  or  at 
least  his  resignation  to  and  respect  for  social  laws,  is  the  essence  oi 
this  theory  of  conditional  liberation.  Bnt,  as  one  can  count  to  a  cer- 
tain extent  upon  the  vitality  of  the  criminal  instinct,  and  with  the  per- 
sistence of  the  social  conditions  which  nourished  it,  it  is  necessary  to 
prepare  for  tbe  eventuality  of  a  prolonged  incarceration  which  may  be 
regarded  as  the  result  of  incurability  on  the  part  of  the  criminal.  The 
idea  is  to  proportion  the  length  of  tbe  imprisonment  according  to  the 
nature  of  tbe  delinquent,  to  tbe  degree  of  bis  perversity,  and  tbe  dan- 
ger of  bis  return  to  society  before  bis  evil  tendencies  shall  have  become 
enfeebled  or  neutralized.  It  is  evident  that  this  is  more  rational  than 
to  fix  a  time  certain  for  his  imprisonment  according  to  tbe  conditioa 
of  his  offense,  which  may  furnish  only  an  isolated  system  of  the  monl 
malady  with  which  he  has  been  attacked  and  which  was  the  canse  <^ 
tbe  commission  of  his  crime.    Tlie  proposed  law  of  condittoual  libera- 
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tioD  can  correct  naj  erroneous  verdict  or  judgment  or  work  any  redac- 
tion of  tbe  term  of  iio  prison  men  t. 

(5)  The  proposed  law  of  couditinnal  condemuatioQ  is  Dpon  the  same 
principle  us  that  of  conditioual  liberation.  It  corresiwiids  somewhat 
to  the  practice  prevailing  in  some  tStates  of  the  United  States  of  sus- 
pension  of  sentence  during  the  indefinite  period  of  good  beharior. 
It  is  a  measnre  generons  and  wise,  is  addressed  to  delinqaents  of 
tender  years,— those  who  have  lieen  arrested  for  the  first  time,  who  may 
be  the  victims  of  circnmstances,  who  are  without  criminal  intent,  and 
who,  if  tbe  sentence  be  suspended,  would  probably  never  be  guilty  of 
the  offense  agaiu,  while,  if  their  sentence  should  now  be  carried  into 
execation,  it  would  almost  certainly  result  in  tbe  loss  to  society  of  one 
who  might  become  an  honest  and  respected  member  thereof,  and  gain 
in  his  place  be  who  migbt  easily  become  a  hardened  criminal.  But  the 
application  of  this  principle  is  or  wUl  be  snrronnded  by  researches  ex- 
tremely delicate,  wbicb  ongbt  to  be  higbly  scientific  and  so  length- 
ened as  to  inclade  tbe  antecedents  of  tbe  delinqaent,  his  life,  his 
raising,  bis  surroundings,  and  to  get  if  possible  into  the  interior  of  his 
sonl.  The  word  "delicate"  has  been  used,  and  truly  this  is  necessary, 
for  tbe  responsibility  is  great,  for  as  the  judge  may  by  refusal  to  sus- 
pend sentence  lose  a  member  of  good  society,  so  also  he  may  by  a,  sus- 
pension of  sentence  grant  indulgence  to  unworthy  subjects  and  be 
deceived  by  hypocritical  pretenses  and  promises,  crocodile  tears  manu- 
factured for  tbe  occasion  and  practiced  upon  bim  by  a  hardened  and 
instinctive  criminal. 

(6)  The  instinctive  delinquency  of  tbe  young  criminal  is  not  abso- 
lately  in  relation  with  the  enormity  of  the  crime.  This  imposes  upon 
tlie  jnrist  tbe  necessity  of  a  proper  selection  from  among  tbe  arrested 
as  well  aa  among  those  imprisoued  as  to  whom,  in  justice,  to  apply  tbe 
different  systems  of  treatment.  The  operation  of  these  two  systems, 
tbe  one  of  which  operates  upon  those  subjects  which  can  possibly  be 
reformed,  the  other  with  tbe  prolonged  and  continned  punishment  and 
incarceration,  even  in  solitary  confinement,  of  incorrigible  subjects,  who, 
if  allowed  tbeir  liberty  in  tbe  least  degree,  will  ase  it  only  for  the  con- 
tamination of  their  fellow-prisoners  and  the  preparation  and  arrange- 
ment for  themselves  to  enter  into  a  wider  sphere  of  crime  npon  their 
releaae.    Tbese  nre  the  foundations  of  the  two  systems. 

(7)  Individualization  is  necessary  in  order  to  recognize  and  class  the 
delinquents,  and  to  determine  whether  the  medicine  to  be  administered 
to  bim  for  his  cure  should  be  of  incarceration  or  li  beration.  Sometimes 
it  might  be  bettor  to  adopt  the  plan  of  solitary  confinement  in  order  to 
conduct  properly  this  iiidividualizatiou.  An  anthropologic  examina- 
tion or  a  psychologic  analysis  may  not  be  sufficient  to  determine  to 
which  class  he  should  belong,  and  therefore  he  should  be  tried  nnder 
different  conditions,  always  bringing  ont  his  real  and  heartfelt  senti- 
meut,  thos  enabling  oue  to  determine  to  wbicb  class  he  belongs  and 
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vhetber  lie  slionld  be  conditional  I;  libemted  or  continned  in  solttaiy 
confinement.  To  tbis  end  an  opportunity  mast  be  gireu  botb  byre- 
straining  bia  libertj'  until  he  shall  be  in  solitary  confinement  orestcnd- 
ing  it  until  he  sball  be  conditionally  liberated.  His  actions  and  the 
psychologic  effect  which  this  has  upon  liim  mast  determine  the  future 
course  to  be  pursued  with  bim.  In  doubtful  cases  the  conditional  liher- 
ation  is  the  most  rational,  as  it  is  the  most  humane.  It  gives  ibf 
delinquent  an  opportunity  to  reclaim  himself,  and  gives  him  a  guaraot; 
that  his  attempts  at  refonnatiou  will  be  well  seconded. 

(8)  After  having  returned  to  society  those  of  whom  we  have  notbiag 
more  to  fear  in  the  way  of  criminal  offenses,  after  having  taken  all 
necessary  pi'ecantious  for  those  who  are  to  remain  under  surveillance 
and  iiossible  return,  it  is  necessary  to  take  steps  for  those  indiridnals 
who  are  by  uatnre  rebels  aud  refractory,  who  reject  all  ordinary  neaus 
of  reformation,  who  are  delinquents  by  habitude,  aud  are  instinctive 
criminals.  For  these  individuals  their  detention,  even  to  solitary  con- 
finement, with  severe  and  hard  labor,  should  be  kept  up  until  tbey  give 
proof  of  their  repentance.  If  this  is  refused  then  we  in  France  and  on 
the  continent  can  only  relegate  tbeui  to  a  penal  colony  in  a  distaut 
ocean  or  else  to  solitary  confinement  iu  one  of  our  home  peniteutiHries. 
Tbe  relegation  of  a  recidivist  or  nu  incorrigible  to  a  penal  colony,  soli- 
tary confinement,  or  some  other  form  of  severe  punishment,  or  elw 
treating  him  as  sick  or  insane  and  sending  of  him  to  a  prison  asylum; 
these  are  the  logical  corollaries  of  the  propositions  for  conditioual  lil^ 
eration. 

The  criminal,  conditionally  lilterated,  should  be  required  to  repMt 
for  examination  whenever  needed,  and  thus  tbe  prisoners  who  are  nnder 
condemnation  of  the  law  would  become  physical  subjects  for  the  sttuly 
of  crime  in  its  psycliologic  as  well  as  anthropologic  phases,  and  tbe 
prison  become  as  well  an  asylum  and  a  hospital,  affording  a  clinic  fur 
the  lawyer,  for  tbe  doctor,  the  judge,  and  the  lawmaker. 

M.  Alimena  called  the  attention  of  tbe  congress  to  the  fact  that  thi« 
question  had  been  discussed  for  a  long  time  aud  in  many  places  by 
legislators  and  jurists,  and  be  referred  to  the  first  congress  of  the  lutvr- 
naiion.ll  Uniou  of  Criminal  Law,  held  at  Brussels,  in  183!),  where  the 
discussion  took  ])lace  upon  tbe  thesis  presented  by  Senator  Michaiiil 
on  the  lawof  pardon.  He  said  three  methods  had  been  proposed — ilie 
conditional  sentence,  which  was  enforced  iu  Belgium ;  tbe  suspension  of 
judgment,  which  was  practiced  in  England,  America,  and  Australia: 
and  finally  that  of  blame,  set  forth  in  the  German  code,  tbe  Rassiao. 
Spanish,  Portugese,  and  in  some  of  tbe  cantons  of  Switzerland  awl 
provinces  of  Italy. 

M.  Drill  remarked  that  tbe  system  of  conditional  liberation  reqnired 
tbe  exercise  of  two  functions — that  of  thejudgmentof  the  court  passiof: 
npon  the  guilt  of  the  criminal,  and  the  ulterior  or  subsequent  treatment  of 
the  criminal,  and  that  these  were  functions  entirely  diSerent  and  ongiiC 
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to  be  separated.  The  first  belonged  to  tbe  jadge  and  tbe  court^  and  tbe 
secoiid  belonged  to  tbe  ad miiiiHt ratio u  of  tlie  |>eiiit«iitiary.  He  thouglit 
these  OQght  to  be  kept  separate,  aud  it  was  clearly  bis  opinion  tbat  tbe 
jndge  or  tbe  court  alone  abould  decide  upon  tbe  culpability  of  tbe  in- 
(lividoal  and  tbe  application  of  tbe  penal  lav.  Tbe  administration  of 
the  penitentiaiy  sbonld  be  composed  of,  or  should  call  to  it«  aid,  the 
moat  competent  scientific  gentlemen,  who  would  be  able  to  pass  upon 
any  question  concerning  tbe  physical,  physiological,  or  psychological 
vbaiacteristics  of  the  indiridual,  and  this,  taking  in  consideration  bis 
antecedents,  bia  social  condition  and  surroundings,  bis  education,  com- 
panions, etc,  together  with  his  conduct  while  in  prison,  would  enable 
them  to  decide  upon  tbe  application  of  tbe  conditional  liberation.* 

M.  Bertilion,  while  giving  all  credit  to  the  scientific  investigations 
mentioned,  begged  tbe  congress  not  to  forget  that  tbe  final  end  was 
primarily  for  the  safety  and  well-being  of  society,  and  the  reformation 
or  well-being  of  tbe  criminal  only  secondary. 

Queation  IX. — ()rime  iu  its  relation  with  etbuography.  Dr.  Alvarez 
Taladriz,  of  Valladalid,  reporter. 

M.  Ferri  bad  already  described  the  ethnic  influence  upon  crime,  so 
Dr.  Taladriz  sought  to  establish  a  tendency  towanls  crime  on  the  part 
of  a  whole  people;  tlie  criminality  of  a  nation  or  of  races.  He  sought 
to  show  how  the  crimes  in  the  Northeru,  Middle,  and  Southern  Spain, 
vere  different,  and  also  the  difference  in  criminals.  He  declared  this 
difference  to  be  due  to  tbe  advent  of  Obarles  I  and  Philip  II,  as  Kings, 
and  tbat  it  was  but  an  exposition  of  tbe  ferocious  instinct  of  the  primi- 
tive inhnbitauts  of  the  forests  of  Germany. 

The  mesologic  influences  nre  confirmed  by  history  in  sncb  manner  as 
that  it  onght  to  recall  to  the  student  of  sociolugic  influence  the  statis- 
tics of  ofl'enses  committed  in  the  cold  and  warm  countries,  those  be- 
tween tbe  region  of  tbe  North  and  the  region  of  the  South.  These  ques- 
tions have  not  been  studied  from  a  geographicor  ethnic  point  of  view. 
It  is  pro[)er  that  they  should  be.  There  probably  is  no  place  in  which 
this  ethnic  influence  upon  crime  could  be  studied  with  greater  success 
and  accuracy  than  in  Spain,  where  there  are  such  etlniic  differences 
between  the  people  of  the  different  parts  of  that  country,  and  where 
one  will  find  a  corresponding  difference  in  the  crimes  committed.  In 
the  north  of  Spain  offenses  are  of  a  character  distinct  from  those  of 
the  center  and  south.  Crimes  against  person  and  property  are  rare. 
Those  which  exist  are  tbe  result  of  inherited,  primitive  usages  and  cus- 
toms like  in  the  vast  mountainous  Basque  provinoes  of  Catalonia,  the 
kingdoms  of  Galicia-,  tbe  Asturias,  and  Leon,  where  assassination  and 
homicide  show  tbe  terrible  characters  of  the  sediment  of  population 
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deposited  by  the  preceding  races  of  Germany  during  tbe  grand  penod 
of  invasiOD  of  tbe  tribes  of  the  nortb  wbo  occapied  these  regions  more 
than  any  other  part  of  tlie  peninsula. 

The  miners  of  tbe  center  of  Spain  do  not  present  tbose  characters  of 
ferocity,  because  tbeir  elemeiitB  are  a  concourse  of  varied  and  multiplied 
antecedents  of  tbe  snccessive  dominatioDS  wbicb  hare  come  to  passio 
the  pen  iu  sal  a. 

In  the  kingdoms  of  Valencia  and  the  Andnlasianprorincea,  thecrini-    i 
nal  cnstoms  of  the  Arab  race  were  banded  down  as  a  soavenir  of  tbe 
£abyles,  where  tbe  inbabitauts  organized  themselves  into  a  band  of 
maletactors.    The  crimes  of  homicide,  assassination,  in  the  mtyority  of 
cases  were  only   the  resnlt  of  the  passion  of  jealousy  coupled  vitb  a    , 
hate  truly  African  and  which  considerably  augments  tbe  Dumber  of 
offenses  against  persons  and  property.    Kevertheless,  we  recall  certaiti    i 
acts  of  nobility,  tbe  Arab  hospitality,  etc.    True,  there  may  be  exccp-    ' 
tions  found,  as  there  will  always  he,  to  general  rules,  bat  tbe  conda- 
sioDS  are :  I 

(1)  The  physiologic  characters  of  the  criminal  type  manifest  them-    j 
selves  iu  a  constant  and  uniform  manner  in  all  epochs  and  in  all  raoM, 
and  without  other  variations  than  those  imposed  by  accidental  wd 
external  circumstances  f^om  these  epochs  and  races. 

(2)  The  conditions  of  race,  climate,  geography  have  their  Influences 
upon  tho  senses  and  passions  of  mankind  and  upon  the  development  of 
crime,  as  well  as  upon  sociology,  religion,  economics,  or  politics. 

(3)  The  grand  offenses  committed  by  races  and  nations  ought  to  be 
an  object  of  an  international  penat  code  by  which  they  could  be  pnn- 
ished  with  a  certainty  and  uniformity  that  would  bring  them  to  an  end ;   | 
while  iu  the  »ame  code  could  be  declared  the  sacred  right  of  nations  j 
and  of  individuals,  which  should  be  recognized  by  all  the  world. 

Question  (37). — Medico  psycbologio  observatioos  upon  Boasian  crimi-   | 
nals.     M.  J.  Orchaaski,  of  Gharkow,  Hussia,  reporter. 

M.  Orchanski  is  professor  of  tbe  univereit^  at  Gharkow.    He  was  '■ 
not  present  to  read  his  paper,  and  it  was  presented  by  Dr.  Bronardel   ' 
in  connection  witli  Question  IX.    Only  the  conclusions  were  read  ami 
they  were  in  opposition  to  the  It^ian  school.    The  paper  consisted  of 
arguments  and  deductions,  and  did  not  deal  in  testimony  or  statistics 

Dr.  Topinard  took  the  opportauity  to  present  his  opposition  to  tlie 
title  "Gnminal  Anthropology"  aud  thought  it  should  be  replaced  by 
that  of  "Criminology,'*  as  being  shorter,  easier,  better  andeistoud, 
having  a  clearer  ineautug,  aud  with  everything  to  recommend  tbe  . 
change. 

Dr.  Manouvrier  preferred  the  the  term  "Anthropologie  Jnridiqne." 

Question  X. — ^The  ancient  and  new  theories  of  moral  responsibib^> 
M.  Tarde,  juge  d'iustruction  at  Sarlet,  Dordogne,  reporter. 
This  was  a  long  and  learned  disquisition  apou  moral  responsibility. 
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The  opening  paragraph  declared  that  moral  respoDsibility  depended 
apoD  free  will,  which,  at  leaat,  in  its  relatioo  to  crime,  was  a  hypothesis 
withont  fonndation  in  truth  or  Jtistificntion  in  law.  The  discuBsioa 
becamcmorephitosophical  and  metaphysical  than  practical.  Tbeuiost 
careful  report  woald  fail  to  do  it  justice  or  render  satisfactioa  to  its 
author,  and  it  is  therefore  deemed  wise  to  omit  it. 

Quation  XL — The  criminal  process  considered  from  a  point  of  view 
of  sociology.     M.  A,  Fugliese,  of  Trani,  reporter. 

The  raoment  appears  opportune  to  make  the  criminal  process  an  ob- 
ject of  the  study  of  penal  sociology. 

(1)  The  criminal  process  is  an  iustitation  of  State  establislied  in  the 
social  interest,  having  for  its  end  the  search  for  and  repression  of  crime. 
The  general  rnlea  of  its  formation  provide  for  the  discovery  and  appre- 
ciation of  mme,  the  punishment  of  the  anthor,  and  the  conciliation  of 
the  BorJal  and  iudividnal  interest.  To  do  this  propetly  requires  a 
ma^trate  who  baa  technical  as  well  as  general  knowledge.  It  is  not 
safficientin  these  times  of  the  discovery  and  investigations  of  anlbro- 
polog;  that  he  should  be  simply  a  judge  or  even  ajnrJBt.  It  ia  necessary 
tbat  he  should  be  acquainted  with  the  studies  of  anthropology  and 
sociology ;  that  be  should  understand  the  social  surroundings  in  which 
the  crime  is  committed  as  well  as  the  men  who  commit  it.  Whether 
lbeStat«  should  found  the  necessary  institutions  of  learning  for  the 
training  of  these  magistrates  was  a  question  for  discussion,  but  it  is 
iadisputable  tbat  they  should  have  a  special  training.  Prosecutors  are 
charged  with  the  trial  of  criminal  offenses.  In  western  Europe  these 
tilings  are  not  satisfactory  ;  ajoged'instrnction,  or  prosecuting  officer, 
scarcely  possesses  any  special  training  or  bad  any  special  qualiflcatiou  to 
fitbim  for  his  position.  Perhaps  be  has  never  written  a  criminal  process, 
never  seen  a  cadaver,  or  attended  an  autopsy.  He  knows  nothing  of 
anthropology  nor  of  penal  sociology,  and  yet  be  is  called  a[K>u  to  exer- 
cise fauotions  the  most  delicate,  most  difficult,  on  which  depends  the 
safetyofthe  citizens  and  their  social  surety.  He  obtains  bis  experience 
in  mr^re  vivo ;  he  learns  at  the  expense  of  society.  In  doing  black- 
emith^a  work  he  becomes  a  blacksmith,  aud  when  he  shall  have  become 
habituated  to  his  position,  and  qualified  in  even  a  mediocre  manner,  be 
will  he  changed  to  another  place  with  another  duty,  and  auotberperson 
will  replace  him  to  begin  again  this  new  life  of  study  and  practice. 
This  is  not  a  system  but  is  only  education.  The  faults,  and  the  scandal 
are  enormous.  Sixty  per  cent,  of  criminal  processes  fail.  The  real 
calpables  have  a  good  chance  of  escape,  while  the  innocent  run  the 
danger  of  losing  their  honor,  their  liberty,  and,  possibly,  their  life. 

It  ia  evident  that  the  criminal  process  should  not,  as  at  present,  be 
limited  to  the  gathering  of  the  proofs  pell  mell.  On  the  contrary,  the 
prosecutor  oaght  to  study  the  evil  and  secret  causes  of  the  criminal 
actions,  and  ftom  them  deduce  the  trae  reason  of  panishment.    Tbey 
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ought  to  seek  also  for  the  preoedeuts  Bomatic,  psychic,  and  social,  and 
discover  the  cooditious,  surrouadiags,  environmeDts,  not  only  of  tbis 
particular  cnmiiial  but  of  h11  tliat  have  gone  to  prodace  soch  crimiDii 
phenomena.  It  i»  now  time  to  search  for  such  indications  as  can  be 
furnished  by  anthropology  and  by  criminal  statistics,  not  on);  for  iden- 
tity, as  given  by  the  works  of  Bertillon,  Voisin,  and  Herbette,  bat  alio 
the  biology  of  crime  as  has  been  investigated  by  Ferri,  Oarofato,  aid 
Rjgbini. 

(2)  The  investigation  and  trial  sboald  be  confided  to  those  «bo 
have  been  technically  educated,  experts  of  special  training,  oue  for 
tbe  prosecution  and  another  ebosen  by  the  defense.  The  defeuse  oagH 
to  Ite  admitted  to  take  measures,  to  ask  questions  of  medical  jaris- 
prutlence,  siicb  as  he  may  need  in  tbe  interest  of  bis  client,  and  upoa 
these  questions  the  debate  should  take  place  and  the  jndgmeDt 
rendered.  This  would  not  be  a  mere  opinion,  but  would  be  a  troe  de- 
cision of  a  technical  commission,  wbich  would  settle  at  once  aud  for- 
ever all  debate  upon  that  question.  It  would  be  a  trial  before  a  tech- 
nical jury  as  to  the  questions  of  medicine  or  medical  jnrispmdenceot 
psycbiat"y.  It  would  also  raise  tbe  professional  dignity  of  the  m«dical 
jury,  aud  would  asauretfae  world  thnt,  cost  what  it  might,  tbe  resean^ 
would  be  in  the  interost  of  truth.  The  right  of  tbe  judge  to  demand 
the  decision  of  science,  aud  along  with  it  the  right  and  the  power  to 
trample  tbe  decision  under  bis  feet  is  a  manifest  contradiction.  We 
who  have  always  maintained  that  it  is  not  reasonable  to  sabmittoa 
common  Jury  questious  of  medical  jurisprudence,  think  it  time  to  over- 
turn the  ancient  maxim  that  the  judge  is  the  expert  of  experts.  Tbe 
maxim  may  flatter  tbe  vanity  of  the  judge,  but  it  is  not  true.  Eacboae 
to  his  place  is  tiie  truth.  When  a  question  of  medical  jnrispmdeBOe 
arises  the  medical  jurist  ought  to  be  tbe  judge. 

This  question  was  brought  up  at  the  session  of  the  congress  at 
Borne.  Drs.  Tamassia  and  Laccaaagne  presented  it.  There  was  sd 
important  debate  thereon,  and  the  principle  here  laid  down  was  ap- 
proved with  a  single  exception  We  propose  that  questions  of  medical 
jurisprudcDce,  of  psychiatry,  should  bo  tried  before  a  technical  jnry, 
and  tbat  they  sbould  bo  authorized  not  simply  to  make  a  suggeetion 
and  give  an  opinion,  but  to  render  that  which  is  a  real  decision  and  a 
final  judgment.  We  believe  the  proposition  laid  down  in  the  Holf 
Scriptures  to  be  the  true  one,  to  give  to  Christ  tbat  which  belongs  to 
Christ  and  to  Ciosar  that  wbich  belongs  to  Ceesar. 

(3)  There  should  be  established  a  system  of  preventive  detention, 
that  is  to  say,  there  should  be  a  detention  for  the  purpose  of  preventing 
crime  by  means  of  imprisonment  of  the  individual  before  be  bas  com- 
mitted it,  ratber  than  to  imprison  him  after  as  a  punishment  for  baviug 
committed  it.  The  i>enal  process  or  uo<le  in  the  Latin  countries  cousislj 
of  the  two  steps,  one  of  instruction  aud  the  other  accusation.  In  tlK 
first  the  presumption  of  innocence  prevails,  and  there  the  preventive 
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detention  shonld  be  tbe  exception,  bnt  in  the  second  it  ougbtto  be  the 
rule.  But  these  things  are  to  be  determined  by  the  psychic  condition 
of  the  delinqaent  and  the  nature  of  the  causes  which  impelled  him  to 
crime.  If  the  psychic  conditions  have  been  verified  there  should  be  no 
further  hesitatioo,  but  tbe  imprisonment;  or  detention  should  be  en- 
force<1  with  rigor. 

(4)  The  judge  gives  bis  judgment  in  three  forms:  Condemnation,— 
acquittal  for  inexistence  of  the  crime  or  of  bis  innocence; — acquittal 
for  insufficiency  of  proof.  This  corresponds  to  tbe  ancient  formula: 
CoKdemno,  absolve,  non  liquet.  Tbe  jury,  on  the  contrary,  except  in 
Scotland,  have  only  two  formulas:  Yes,  no;  guilty  or  not  guilty.  If 
they  are  in  doubt  as  to  his  guilt,  they  respond  not  guilty.  This  does 
not  appear  just.  The  jury  should  have  a  formula  of  non  liquet— not 
proven :  tbe  laws  would  then  be  equal  for  all. 

(3)  There  should  be  an  appeal  in  criminal  cases  as  well  in  acquittals 
as  in  convictions.  This  question  was  treated  byGarofalo,  Ferri,  Maine, 
and  by  Pngliese  in  the  Revue  de  Juriitprudence  in  IS85.  It  has  been 
argued  in  tbe  affirmative  by  Mittermaier  iu  his  Die  Qesetzgebung  vnd 
Keckisbildunp. 

In  this  principle  it  has  received  its  first  legislative  recognition  in 
paiagrapb  388  of  the  Austrian  code  and  paragraph  399  of  the  Ger- 
matiic  code.  Bnt  in  these  cases  it  \s  confined  only  to  corruption  or 
false  testimony.  It  is  time,  however,  that  the  principle  of  appeal  in 
tbe  social  interest  should  be  recognized  without  restriction  and  ap- 
])eal8  be  takeu  as  easily  by  the  prosecution  as  by  the  defense.  The  law 
ought  to  be  eqaal  for  all.  The  interest  for  tbe  one  and  of  the  other  ;ire 
tbe  same.  No  reason  in  justice  can  be  given  why  one  should  have  an 
appeal  and  the  other  not.  It  would  serve  to  correct  many  erroneous, 
not  to  say  corrupt,  judgments  and  prevent  many  scandals  upon  tbe 
lav. 

Dr.  Brouardel  accepted  much  said  by  M.  Pugliese,  but  he  combntted 
some  positions.  He  denied  tbe  propriety  of  making  an  expert  to  be  a 
judge  or  making  judges  only  of  experte.  The  responsibility  was  too 
great  and  the  result  would  be  ansatisfactory. 

M.  Benedikt  agreed  with  Dr.  Brouardel  and  said  that  while  the  edu- 
cation of  the  magistrnture  should  include  certain  prescribed  medical 
stndies,  they  should  be  always  auxiliary  to  jurisprudence  and  never 
above  or  beyond  it.  This  was  in  accordance  with  the  opinion  of  M. 
Lacassagne. 

(iueation  XVI. — Instruction  in  medical  jurisprudence  in  tbe  law 
schools.    Prolessor  Lacassagne,  of  Lyons,  report«r. 

Iu  tbe  presentation  of  this  paper  31,  Lacassagne  re])eated  largely  the 
ideas  which  he  bad  put  before  tbe  congress  at  Rome  upon  the  necessity 
of  instrnction  in  medical  jurisprudence  in  the  law  school.  There  was  a 
large  discussion  over  this  question,  but  it  was  confined  to  the  details, 
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all  the  speakers,  Brouardel,  Molescbott,  Yan  Hatnel,  Plois,  F£r^  Tarde, 
Soutzo,  Ferri,  aiid  Madame  Clemeuoe-Boyer,  were  iu  accord  with  the 
proposition.  It  was  flaallf  agreed  to  recommend  the  examples  of  the 
uaiversities  of  Holland  and  Belgium,  to  which  might  have  beeo  ad<l«d 
Trinity  College,  Dnblin,  all  of  which  have  a  special  coarse  of  me<liciDe 
in  their  law  schools.  It  was  recommended  that  even  in  these  coorsei 
should  be  extended  to  iaclade  a  large  proportion  of  anthropolof;}-,  (w 
Madame  Clemence-Royer  recalled  that  according  to  Socrate6  the  first 
study  of  man  should  be  man  himself. 

M.  Souizo  insisted  that  to  teach  criminal  anthropology  was  to  teach 
medical  jurisprndence,  and  he  cited  examples  among  the  insane.  A 
paralytic  by  virtue  of  bis  delirium  becomes  a  robber  or  a  thief.  In  his 
perverted  seoses  he  falls  into  dipsomania.  Another,  wbicb,  attacked 
by  tbemaniaof  persecution,  becomes  s  murderer  or  asnicide.  Another 
category  of  individoals  who  are  on  the  frontiers  of  iufianity  may  be 
foaud  in  the  degenerates,  the  morally  perverted,  the  dronkants,  and 
all  that  train  of  Individuals  capable  of  committing  crime  according  to 
their  uonditions  and  surroundings,  and  among  which  are  to  be  found 
the  stigmas,  physical,  moral,  and  intellectual,  that  have  been  taught  t« 
us  by  the  professors  of  criminal  anthropology  before  us.  These  indi- 
viduals are  not,  like  the  first,  absolutely  irresponsible,  but  they  an 
partially  or  conditionally  so.  Therefore,  said  he,  the  great  necessity 
for  the  teaching  of  criminal  anthropology,  not  by  the  side  of,  but  in- 
cluding medicaljurisprudence,  and  that  this  should  be  carried  on  in  M 
the  schools  of  law,  and  taught  to  all  those  who  would  become  lawyers 
or  judges,  or  vho  would  have  dealings  with  criminals  or  insane  before 
the  courts  or  under  the  law. 

ANTHBOPOURTBT. 

There  were  two  papers  before  the  congress  on  this  sobject :  No.  irn, 
"Anthropometry  an  applied  to  persons  from  15  to  20  years  of  age,' 
Alpbonse  BortilloD,  reporter;  and  No.  xviii,  "The  employment  of  the 
methods  of  criminal  anthropology  iu  aid  of  the  police  and  for  the  arrest 
of  orimiuals,"  MM.  Avocat  Anfosso,  of  Tnrin,  and  Professor  Bomiti, 
reporters. 

Anthropometry  is  a  branch  of  the  science  of  anthropology  by  whicb 
the  physical  characteristics  of  man  are  studied,  the  investigatioa  beiDf 
made  by  measurement. 

The  application  of  anthropometry  is  twofold.  One,  the  more  exten- 
sive and  more  scientific,  was  largely  the  result  of  the  investigations  ot 
Broca,  thongb  there  were  others  who  practised  the  science  independent 
of  and  even  before  him.  Quetelet  of  Belgium,  Virchow  of  Germanj-, 
Roberts,  Francis,  Galton,  and  Dr.  John  Beddoeof  England,  and  our 
own  doctors  Morton  and  Baxter  have  all  practised  anthropometi?  in- 
dependently of  Broca.  In  France  Drs.Topinardand  Manouvrier  hare 
taken  up  the  science  where  Broca  lea  it  at  bis  death.    The  foruier  liaa 
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been  pniflninft  his  inTestigations  into  the  raoes  of  men  foaod  in  France 
as  determined  by  color,  and  he  iaveatigatefl  and  atadies  that  of  the 
efM  aod  hair  as  well  as  that  of  the  skin.  The  latter  aacceeded  Broca 
in  the  Labratoire  d'Anthropologie,  and  ia  professor  and  leotarer  upon 
this  sabject  before  the  School  of  Anthropology. 

The  second  nse  of  antbropometry  has  been  more  practioal,  for,  while 
it  is  coodncted  scientifically,  it  is  employed  in  Earope,  principally  iu 
France,  as  a  means  of  identification  of  individnals,  whether  required 
ID  the  anny,  by  the  law,  by  the  police,  or  for  private  and  scientific  uses. 
It  VB8  with  regard  to  tbe  seoond  application  of  antbropometry  that  the 
coogress  of  criminal  anthropology  occupied  itself  in  the  two  papers  set 
forth  at  the  bead  of  this  chapter. 

Tbe  discovery  of  the  nse  of  antbropometry  for  identification  is  dae 
toDr.Adolph  Bertillon,  himself  a  professor  in  the  school  of  autbropol- 
og;,  who  died  in  1883  at  tbe  age  of  62  years,  leaving  bis  two  sons  to 
folloir  in  his  footsteps,  with  prospects  of  becoming  equally  as  eminent 
M  their  father.  It  was  the  son,  Alphonse,  who  presented  qnestion 
im,  in  which  he  was  assisted  by  MM.  Anfosso  and  Bomiti,  the  report- 
erg  of  question  XTiii,  both  of  whom  were  aided  in  the  disonssion  by  M. 
Cantilo,  advocat  from  the  Argentine  Bepablic. 

H.  Herbette,  chief  of  the  penitentiary  system  of  Franoe,  efvly  per- 
ceived the  benefits  of  this  system  and  adopted  it.  It  is  now  in  use 
tbioughont  France,  thanks  to  bis  initiation.  He  was  its  ardent  advo- 
cate at  tbe  congress  in  Itome,  and  there  made  it  the  subject  of  an 
address,  which  was  translated  by  Mr.  Bdward  R.  Spearman,  a  portion 
ofvbich  was  adapted  and  published  in  the  Fortnightly  Beview  of 
March,  1890. 

M.  Alphonse  Bertillon  is  attached  to  the  department  of  Justice  and 
aHsigned  to  dnty  with  M.  Herbette  at  police  headquarters  in  Paris, 
there  to  ose  his  talent  and  knowledge  in  the  identification  of  sncb  )>er- 
S0D8  as  may  be  bronght  before  him.  This,  of  course,  means  the  identi- 
fication of  criminals,  or  persons  arrested. 

The  moraiug  of  Friday,  August  16,  was  devoted  to  a  visit  by  the 
HHigressto  tlie  establishment  in  charge  of  M,  Bertillon  to  witness  the 
operations  of  his  methods  and  to  hear  his  exphiuationa.  We,  how- 
iver,  were  favored  with  a  private  view  on  the  day  before,  by  the  meima 
>f  which  we  were  better  enabled  to  understand  tbe  operations. 
The  establishment  to  which  we  were  iutrodaced  would  correspond  to 
tnd  probably  be  known  in  most  cities  of  the  United  States  as  the 
■OBue's  gallery.  In  onr  country  a  criminal  once  arrested,  whom  tliey 
Day  desire  to  recognize  at  some  futnre  time,  is  marched  down  to  a 
•hotograpiiic  establishment  and  lias  bis  photograph  taken  by  a  single 
legative,  cartt  de  visile  size,  of  more  or  less  front  view,  from  which  a 
iriot  is  made,  which  in  due  timeia  delivered  to  the  detective  corps  iit 
■olice  headqaarters,  where  it  in  plitced  in  a  rM:k  for  public  iuapcctioii. 
t  is  by  coin |)uri»iiu  with  this  pbotograpii,  and  the  reeoguition  of  wit- 
H.  Mis.  i:!l) 43  GooqIc 
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DMMf,  tbftt  the  indiridaal  crinioal  will  be  idMtiflediaftitaMtttlM 
Bhoald  be  agaia  arratted.  It  goes  without  saying  that  thcMMlhife 
are  extremely  iiDreliable— Aureliable  at  best,  but  in  Paris  impruttMble 
and  vaLu^ess,  for  tbare  they  have  no  lass  than  100,(W0  pbotograpkR  «f 
criminalB  who  have  passed  through  the  poUoe  headquarters  wHhui  tke 
past  10  years.  It  will  be  reoogaized  as  prsiotioally  imposuble  to  Mni 
throagh  a  pile  of  1UO,WOO  pbotographs  to  Sad  one  which  shall  bwi 
likeness  to  tiie  individual  under  investigation.  It  woold  be  iia^mb- 
oable,  if  the  plu^gr^ih,  wbeii  found,  shotUd  prove  to  be  the  (Mtnt  at 
the  ideotioal  raimiaal  whose  case  was  being  investigated,  bat  whu  ve 
consider  IJie  diEfereoees  of  appearance  of'  the  saiau  individual,  and  iM 
simitority  of  different  individuals,  as  shown  by  the  photograph,  ttw  i» 
poflsibiUty  of  aiiooaasfnl  identification  beoonted  iadiaput«ble.  To  be  of 
any  value  as  means  of  ideutifioation,  thare  should  be  two  pbetognfihi 
taken  of  eaoh  person,  one  fall  fooe,  the  other  a  pwflle.  U  thii 
be  done  with  the  small  sise,  2|  by  3^  inches,  it  weald  requine  ll),M 
sqoaie  feel  surface  measure  for  10i),O(H>  photograplis.  These  tli*- 
played  on  a  wall  iu  a  strip  5  feet  in  height  would  retjuiie  a  tpM 
2,130  feet  in  lengtb.  A  search  throagh  sach  a  dreary  extast  of  pbe- 
tograpiis  in  order  to  find  the  [lartiealar  one  to  coapare  with  theoia- 
inal,  whom  the  officer  leads  around,  and  thoa  be  ^e  to  idaotiiy  hia, 
would  be  like  a  search  among  the  saads  upon  the  seashore,  or  the  Iw* 
in  the  forest,  and  its  impossibility,  or,  at  least,  impFaoticability  itdoi- 
oustrated. 

H.  Berttllon  has  so  arranged  his  system  of  anthropenefcry,  and  elwa- 
fiedit — together' with  the  photographs — aa  that  his  oaaal  seanhdi* 
not  exiead  beyond  twenty,  and  rarely  above  ten,  and  can  easily  be  i* 
dnced  as  octiasion  deiuaudi^  and  be  Hooomplished  in  a  Eaw  nfluM 
Upon  the  occaaiou  of  uiy  visit  he  gave  to  Professor  Haaon  and  nrMf 
a  descriptive  card  of  a  gi%'en  criminal,  who  was  brought  and  meusriJ 
in  our  presence — upon  the  visit  of  the  cougresa  11.  Holeaohott,  snsM* 
^m  Italy,  was  given  a  like  chart;  aud  we  wereiostraetedtomakei^ 
search  for  ourselves  aud  so  uwlerstaad  the  classifloatioD  and  And  s^ 
identify  the  criminal.  The  system  proved  so  perfect  that  we  thm 
straogers,  making  onr  first  visit  to  the  estabUahment,  hearing  As  ^ 
Boription  for  the  first  time,  were  eaaUed  to  uaderstaod  the  tiswii* 
tion  aud  find  the  box  in  which  his  desoriptiou  belonged,  with  ne  not* 
than  ten  cards  in  it,  aud  so  identify  the  man  in  qnestioa,  and  this  *c 
did  witbiu  two  minutes  time.  I  will  deaeribe  the  meUiod  of  proMdv* 
and  the  system  of  classification : 

The  instrumaU*. — These  are  faw  and  sin^e.  Their  oast  is  abrntlH- 
A  series  of  them  were  displayed  by  their  maker,  M.  Colas,  at  the  Bip*- 
wtioD  in  the  department  of  anthropology,  and  I  have  deeoribMl  tbaa 
in  the  chapter  on  Anthropology  at  the  Exposition. 

A  wooden  right-nngle  for  taking  the  measure  of  the  height.  OsBpW 
for  measuring  length  aud  breadth  of  head ;  two  sliding  measam  <t 
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tHiBniit  lea(tbi  fiir  other  parta  of  the  body,  an<l  the  DwoBMrT  tttfittds, 
RtooU,  etc    TheM  will  »)1  be  aodentood  as  the  operatioo  proeeeds. 

Tke  batch  of  **arre«t8"  have  been  broaght  in  for  measaremeQt  and 
fdaitiJioalioD ;  ander  the  neoesaary  gmrd  they  are  comlacted  to  a  room 
dirldetl  around  its  walls  Into  open  tockers  after  the  Authioii  of  pablic 
tath  hooiSB.  !Rie  Indtvldml  is  stripped  to  his  shin  and  pantaloons 
mkI  theM  lookers  are  provided  with  hooks  on  which  to  bang  the  cloth- 
ing, and  a  beach  with  a  dmwer.  Thenoe  he  is  naarehed  into  the  ineas- 
imt^'ffloin.  xm  MfTvicee  of  two  mea  are  required;  one  to  take  the 
negMorefcehts,  tbe  other  to  write  them  on  Dhe  appropriate  can).  The 
tabjeet  nay  bfave  already  been  examined,  or  be  may  be  etamined  here 
at  to  bis  Bane,  resldeuce,  plaee  of  birth,  aod  former  convictions,  if  any. 
If  b«  be  a  hardened  crimirral,  an  ineorri^ble,  called  In  French,  a  reoidi- 
pirt,he  will  probably  gire  a  fiilse  natoe  and  declare  this  is  bis  first  arrest. 

The  I^ort  of  the  bureau  at  Paris  shows  the  following  list  of  persons 
who  did  tlhis  And  were  recognised  by  this  system  and  tbeir  deeoriptire 
Bwds  found  io  the  boxes  as  hereafter  exphtined : 


IBSft.. 
ItMB.. 

18%.. 


Tbs  report  for  1886  In  full  was  as  follows : 


F»Mfa. 
4.«!1 

FonlgDm. 
1.1M 

T.U). 

IhWMH             *i(     HMU 

l^MT 

DaaiMi        1       1      ■■ 

11,  m 

All  measares  of  anthropometry  should  be  taken  by  the  metric  system 
ud  reported  in  miltimetres.  By  common  consent  among  the  principal 
nations  the  metric  system  has  been  adopted  for  anthropometry.  Com- 
pvisons  are  made  much  easier  and  more  correctly  from  a  single  and 
ODirersd  standard,  and  therefore  it  becomes  the  duty  of  the  United 
States  to  fall  into  line  with  lier  sister  nations. 

To  measure  tke  height  of  the  individual, — By  a  simple  mechanical  con- 
tcivance  the  operatioo  can  be  done  rapidly,  accurately,  and  without  risk 
<>' deception.  The  subject  is  barefoot  and  placed  with  bis  back  against 
thewall;  astrip  of  wood  bas  been  fastened  upon  the  wall  so  as  to  fur- 
uiah  a  perpendicalar  edge ;  a  door  or  window  jamb  may  serve  the  pur- 
pose equally  well.  The  wooden  right  angle  spoken  of  can  foe  placed 
^nst  tbis  edge  and  moved  np  aiid  down,  the  broad  bottom  of  which 
*:^  rest  lightly  upon  the  heatl  of  the  individual.  Lines  painted  upon 
^e  waU,  or  stripes  with  the  necessary  measures  of  height  marked  upon 
them,  will  show  with  accuracy  the  height  of  the  individual.      (  \)OQ  Ic 
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Maximum  length  of  the  head  (akitll),—^be  subject  beiog  settted,foT 
coorenienoe,  one  point  of  the  calipers  ia  placed  iu  the  bollov  above  (be 
bridge  of  the  nose,  togetber  while  the  other  point  is  osed  to  find  the 
greatest  length  at  the  bfick  of  tlie  head.  This  sbonld  be  done  with 
accuracy,  and  bo  thiit  the  length  will  be  given  exactly.  If  donevith 
care  the  trne  length  can  be  obtained  within  1  millimetre,  whiob  is  abnt 
one  twenty-fifth  part  of  an  inch.  It  is  admitted  that  the  sknll  of  mu 
developes  but  little,  if  any,  after  his  matarity,  21  ^ears  of  afce.  So 
one  possesses  any  iK>wer  to  alter  or  in  any  way  change  the  uze  or  coo- 
formation  of  his  sknll.  Theaame  thing  is  true  with  regard  to  tlie length 
of  bones  in  the  human  body,  aud  this  had  nfforded  the  key  to  the  ayv 
tern  of  anthropometry  adopted  by  M.  Bertillon,  as  he  has  choeenfir 
bis  identification  those  portions  of  tlio  botly  over  which  tbe  iudiridmd 
bas  no  control,  and  in  which  it  is  impossible  for  him  to  make  uy 
change  in  their  size  or  leugtb.  The  length  of  the  head  thus  taken  is  i 
nieaanrement  at  once  accurate,  unchangeable,  and  beyond  the  control 
of  the  individnal  or  the  possibility  of  deception. 

Maximum  breadth  of  head.— This  is  measured  from  one  parietal  bou 
to  the  other  in  the  same  manner  as  the  length  of  the  head  is  measured. 

Maximum  length  of  arma,  ertended. — This  is  a  raeasarement  which  ii 
popularly  supposed  to  be  always  eqnal  to  the  height,  bat  in  reality  it 
may  vary  from  5  to  20  centimetres.  It  assists  therefore  in  clasM^iot 
even  after  the  height. 

IJength  of  middle  Jinger  of  left  hand. — This  is  the  best  of  onr  indications 
for  it  can  be  measured  to  a  millimetre,  provided  care  is  taken  that  tbe 
finger  is  bent  at  an  exact  right  angle  with  the  back  of  tbe  hand;  tben 
can  t>e  no  cheating  with  this  and  it  undergoes  no  alteration  from  adult 
to  old  age.  Notice  must,  however,  be  taken  of  any  unnsaal  length  of 
oail  in  the  person  being  measured. 

JIfaxtmiiiii  length  of  left  foot. — In  taking  this  measurement  the  sabject 
mast,  of  coarse,  be  barefoot,  and  iu  order  to  avoid  any  chance  of  cbnit- 
iug  the  subject  should  stand  on  the  left  foot  only,  with  tbe  left  knee 
bent.  This  is  not  quite  so  good  a  measurement  for  our  parposes  as  thjt 
of  the  middle  finger,  and  can  only  be  measured  to  within  3  milliaietivs. 

Color  of  the  eyes. — A  special  table  has  been  framed  for  tbe  color  of  tk 
eyes,  which  gives  seven  categories.  These  are  based  on  the  intensity 
of  the  pigmentation  of  the  iris.  Firstly,  we  note  the  exart  sbulr  of 
the  pigment  when  it  exists,  und  secondly,  tbe  approximate  sbade  of 
the  deep  stratum  of  the  periphery  of  the  iris. 

Hence  the  seven  divisions : 

(1}  Iris  azure  bine  and  slaty  blue  with  aureole  concentric  pupilltr; 
aureole  more  or  less  pale  but  destitute  of  yellowish  pigment. 

(2>  Iris  inclining  more  or  less  to  bine  or  slate  color,  but  with  a  liKb' 
yellowisb  anreole. 

(3)  Same  shade  but  with  a  further  aureole,  approacbiug  orange. 
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(4)  Iris  refleotioo  mora  or  less  greenisb  and  with  a  chestniit  aureole. 

(5)  Same  shade  with  brown  aureole. 

(S)  Id  this  dags  the  cbeatnnt  is  no  longer  clustered  iu  aa  aureole 
anmntl  the  pnpil,  bnt  spread  on  the  whole  surface  of  the  iris  aod  oaly 
gboffg  some  greeQieb  yellow  irisatjons. 

(7)  Bye  entirely  brown. 

This  grouping  enables  as  to  pass  by  almost  imperceptible  transitioDS 
from  the  light  bine  eye  to  the  pure  brown  eye.  To  examine  the  eyes 
tke  operator  abonld  place  himself  in  the  angle  of  a  window,  his  back  to 
Ibe  light, — avoid  naing  the  word  gray.  Pot  further  details  read  the 
Heme  SdaUifiqKt  of  Jaly  18,  1885;  also,  Annalet  de  Dimographie, 
]S81-'32,  "Xae(ml«urde  Pirn  en  lantAropoIofTJe,**  by  AlpbonseBertillon. 

TLis  procedare  gives  sis  measures  of  each  individual,  but  upon  neces- 
sity th«y  can  be  increased  indefinitely.  The  effect  is  twofold.  One  is 
toprocare  a  reliable  means  of  ideutiflcation  of  the  individual  by  means 
of  an  accurate  measnrement  of  certain  jwrtioua,  the  bony  structure  of 
bin  body,  wbicb  in  the  case  of  the  adults  does  not  change.  Fatness  or 
leanness,  well  or  ill  condition,  has  no  effect  upon  these  measurements. 
The;  are  and  always  will  be  (except  the  height]  the  same,  and  neither 
b}-  will  or  trick  can  any  one  make  them  diSerent.  The  other  effect  is 
to  provide  an  arrangement  by  which  the  cards  may  be  segregated  and 
daggified  so  that  the  individual  can  easily  be  fonnd. 

The  cards  on  which  these  measnrements  are  recorded  are  of  a  regular 
liie  and  pattern,  with  printed  forms,  so  aa  to  always  give  the  same  iudi- 
tttJon.  The  size  used  by  H.  Bertillon  is  b%  inches  square.  Both  sides 
tie  utilized  for  description,  and  on  the  one  are  placed  the  two  photo- 
graphs— front  and  profile  view — the  full  face  on  the  right,  profile  on  the 
left. 

These  cards  are  then  arranged  in  boxes  or  drawers  after  the  manner 
of  call  cards  in  the  U.  S.  National  Mnseum ;  that  is,  on  edge,  the  face 
to  tbe  front,  the  depth  of  the  box  being  not  more  than  half  the  height 
of  tbe  card  so  that  it  can  easily  be  seen  and  read  daring  examination 
*itbaat  being  taken  out. 

The  classification  of  these  cards  and  photographs  in  their  boxes  is 
uich  that  tbe  descriptive  card  of  any  individual  will  fall  into  a  subdi- 
vision of  not  more  than  ten  or  twenty  other  cards,  and  can  be  found,  as 
vas  (luoe  by  Signer  Moleschott,  Professor  Mason,  and  myself  within  a 
(pace  of  2  minutes. 

M.  Bertillon  has  at  Paris  100,000  photographs  of  criminals  and 
■n^ted  persons,  and  these  are  increasing  at  a  wonderfully  rapid  rate. 
Tbe  proportion  of  40.000  may  be  excluded  from  our  present  consider- 
ation, being  those  of  women  and  children.  Sixty  thousand  are  of  men 
of  mature  age,  and  as  we  have  already  seen  the  meaanrements  were 
Hade  of  those  portions  of  the  body  of  the  bony  structures,  the  size  of 
*liich  or  length  of  which  can  not  be  changed. 
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The  priDoiple  of  tlie  clasHiftciition  ofH.  Bertillouis  todlvid«weh«H 
of  tbese  meaaaremeDts  into  three  claseas:  tbe  large,  the  Bmall,  Md  tke 
uediuin.  This  classiftotitioD,  begiooing  with  the  length  of  the  liMd, 
th«n  toita  widtli,  extends  through  all  the  [neMareinetitaiodioiited,aitd 
ends  in  a  division  containing  about  ten  cards,  bat  Tbi«b  mut  not  ei- 
ceed  twenty.  The  lines  of  demarcation  betweea  tbfiBe  divistooa  ut 
made  arbitawil;  and  with  Uie  sole  intent  to  make  ea<ib  diviBHm  ap- 
proximately eqaal  in  point  of  numbers.  So  he  haa  found  tbe  nombets 
for  line  of  diTifuoQ  for  tbe  length  of  skull  to  be  at  18d  iwd  180  milUme- 
tre&  All  heads  tbe  length  of  which  fell  bvtweeo  tbeae  two  nDmlws 
inclnaive,  ooostitated  tiie  middle  diTisiiiD ;  all  of  182  and  less  formed 
the  division  of  short  beads,  while  all  of  IIM)  and  more  ooostitated  the 
division  of  long  beftda. 

For  tbe  breadth  of  tbe  skull  tbe  two  dividing  figures  wero  163  to  IK, 
and  tliese  fornt^  ^^^  middle  division.  Those  1S2  and  leu  formed  the 
shortest,  and  those  159  and  over  formed  the  broadest  division ;  and  thii 
syBtem  was  contiuned  thioaghontall  other  meauirements. 

Itwasfoundio  practice  that  this  slight  differenoe  of  6  millimetni. 
being  only  abqnt  one-fifth  part  of  an  inch,  taken,  as  it  were,  out  of  ft( 
middle  of  bead  measurements,  would  oontein  about  aa  eqnal  namhcr 
witli  those  in  tbe  other  two  divisions. 

The  divisions  made  by  the  meaaurement  of  the  middle  finger  of  the 
left  faaod  established  for  tbe  madinm  "'it°  from  110  to  116;  all  nuddlr' 
Augers  from  109  and  aoder  are  classed  with  tiie  short ;  from  110  to  ILS 
with  the  medium,  and  lt6and  over  with  tbe  long  fingers.  3o  alsowitk 
the  length  of  tbe  foot,  the  spread  of  tbe  arms,  aud,  as  I  have  said,  by 
tbe  color  of  the  eyes. 

In  practice  tbe  60,000  photographs  would  be  first  divided  aocordiDg 
to  tbe  length  of  tbe  head,  large,  medium,  and  small ;  and  this  would 
separate  tbem  into  three  divisions  of  2(^000  each,  in  tbe  case  at 
drawers.  Tbe  widtii  of  tbe  bead  would  again  divide  oaoh  one  esthete 
20,000  into  large,  Bm«Jl,  and  medium,  wluoh  would  give  praotieally 
6,000.  The  three  divisions  arising  fW>m  the  spretid  of  tiua  arms  and  the 
length  of  the  middle  finger  will  reduce  it  to  600.  The  length  of  tks 
foot  will  ag^in  r«duoe  it  to  63,  and  tbe  farther  redactiOD  by  theoolwrf 
the  eyes  of  seven  cId^soh  to  9  photographs  in  each  division.  The]»iB- 
cip9jl  divisions  are  made  in  the  cases  of  drawers,  while  tbe  smaller  srel 
made  within  tbe  drawers  themselves. 

The  aathn)pometrio  eat«bjishmeut  under  M.  Bertillon  does  not  abotiab 
tbe  use  of  photography.  The  photographs  are  taken  iu  donUe,  a  fall 
fai}b  and  a  profile,  and  this  should  always  be  done.  The  obaage  of  fiKS 
arising  either  from  accident  or  intention  on  the  part  of  the  eal^eot  ii 
much  less  easily  controlled  by  him  iu  profile  view  than  of  the  fbU  r 
He  can  at  best  only  change  the  lower  part  of  bis  faoe,  and  iu  mskioc 
comparisons  by  photographs,  where  sucb  a  change  is  suspeoted.  iti* 
well  to  cover  the  lower  part  of  the  face  on  tbe  photograph  by  a  spotof 
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P^Mrsnd  make  eompsrisons  of  the  coutour  of  the  head,  the  8lis|)e  of 
the  face,  the  position  of  the  ear  aud  its  appearanoo,  awl  tbos  one  ia 
enabled  to  malie  much  better  aud  more  8atieAictorj'investig:aiioii.  If 
one  woDld  rely  spou  the  photograph  there  shonid  also  be  added  the  other 
pONJtioD  of  a  fDll-lengtb  HtandiDg  portrait. 

At  Paris  the  atodio  for  taking  the  photographs  of  criminals  is  at- 
tuhed  to  the  establishment  of  U.  Bertillon  and  is  orer  his  oGBce  of 
meuaring.  Aoother  suggestion  wtiich  he  makes  coooerning  photo- 
graphs and  their  benefit  and  atlrantage  concerning  identification  is 
tbe  neoesaitr  of  baring  tbem  the  same  proportion,  the  same  relative 
size,  and  so  he  insists  that  the  instmments  and  the  subjects  shall  always 
beat  the  same  distance.  Therefore  be  has  the  chair  in  which  the  sub- 
ject rits,  and  also  the  stand  for  the  camera  fastened  firmly  to  the  floor 
M  that  they  give  tbe  same  proportionate  size  of  the  snbject. 

M,  BertilloD  also  remarked  tbe  importance  of  including  in  tbe  pbo- 
lo^ph  a  view  of  the  bust.  If  the  bead  only  be  shown  it  gives  it  an 
enluged^pekranoeandsoisdeoeiving,  and  besides  tbe  setting  of  the 
lieadnpon  the  shoulders  is  as  mnch  a  means  of  identification  as  is  the 
head  itself.  Qe  aatd  also  to  throw  back  tbe  hair  off  the  ears  of  the 
BDbject  when  taking  tbe  profile  view,  for  it  is  an  oi^an  oncbangeable 
Dpoo  it« owner  and  with  its  characteristics  may  serve  as  a  means  for 
ideotifiaitioD.  Bat  with  all  this  U.  Bertillon  uses  tbe  photograph  more 
uanaauliary,  and  depends  prinoipally  upon  tbe  measorements. 

Bote  to  make  a  search. — Our  man,  whose  photograph  and  measnre- 
BKDt  is  given  on  tbe  card,  ia  supposed  to  have  just  arrived,  tbe  meas- 
nrement  made,  and  bis  photograph  taken.  We  desire  to  know  if  be 
has  ever  before  passed  through  tbe  depot  and  whether  his  card  of 
■uunroment  is  here  to  be  found.  The  length  of  his  head  is  191,  there- 
fm  we  find  it  in  the  highest  division ;  that  is,  with  tbe  longest  beads, 
aod  we  know  it  will  be  in  this  row  of  drawers.  Tbe  width  of  his  head 
ii  157.  That  foils  within  the  mediam  class,  and  we  therefore  know  it 
will  foU  within  this  row  of  drawers.  We  have  now,  by  exclusion, 
redaoed  the  number  of  cards  to  be  examined  from  60,000  to  6,000.  The 
len^h  of  bis  middle  finger  is  127,  which  throws  it  into  the  highest  of 
that  division,  and  that  has  reduced  it  to  2,000.  The  like  investigations 
"tth  regard  to  his  foot,  which  ia  278,  and  the  spread  of  his  arms,  which 
Of  151,  rednces  it,  as  we  have^said,  to  an  average  division  of  63  cards. 
Tbeseaiedivided  tunong  the  seven  distinctive  colors  of  the  eyes,  and  so 
:be  paekage  of  cards  within  which  bia  description  will  be  found,  if  at 
111,  is  reduced  to  an  average  of  9,  and  in  practice  is  never  to  exceed  20. 
^nd  this  by  depending  solely  upon  tbe  measurement  and  without  con- 
lalting  the  photograph. 

As  a  precaution  additional  to  tbe  normal  sises  of  the  various  portions 
if  the  body  which  were  selected  for  measurement,  there  would  benatnr- 
illfemployedanyabnormalmarkswhich  might  be  found.  If  these  were 
igreed  in  the  two  descriptions  w«  would  declare  the  identification  com- 
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plete.  Ever;  person  has  on  his  body  some  i)articn1ar  marks,  »aA  sb 
moles,  scars  from  cuts,  bolls,  etc  Three  or  four  of  these  corresiModiDg 
woald  be  quite  enough  to  identify  a  man  out  of  a  millinu  provided 
always  that  the  nature,  etc.,  of  the  marks  has  beeu  ancarately  recorded. 

It  is  very  seldom  that  boe  finds  on  au  individoal  identically  the  same 
mark  and  in  the  same  place  that  haa  been  previously  noticed  on  anotlin, 
but  that  two  persona  should  be  found  b^iring  three  or  four  scars  pn- 
ciuely  similar  would  be  a  co  incidence  which  appears  impossible,  and  n 
have  certainly  never  met  with  sach  a  case. 

These  marks  and  cioatrice  are  set  forth  under  the  appropriate  bead 
on  the  back  on  the  card  of  Feillier, 

I  will  not  attempt  to  translate  that  description.  It  is  too  intricale 
and  with  too  many  abbreviations  and  private  marks  for  me  to  do  w 
with  certainty.  But  as  an  illustration  I  may  quote  those  which  were 
presented  by  M.  Bertillon  to  the  congress  at  Bome,  and  wbidi  had 
been  translated  by  Mr.  Spearman : 

(t)  Obliqne  ontward  scar  between  second  and  third  joint  middle  of 
first  finger  left  hand. 

(2)  Soar  oblique  inward  of  5  centimetres,  left  palm,  3  centimetiee 
above  third  finger. 

(3)  Mole  8  centimetres  below  left  nipple,  and  at  10  centametres  fns 
center  of  body. 

(4)  Mole  4  centimetres  left  of  spinal  oolomn,  20  below  prominent 
vertebra  of  neck. 

If  this  series  of  private  marks  be  found  to  correspond  on  the  t<ro 
cards,  one  would  say  they  were  both  made  from  the  same  individani 
and  that  the  identification  was  perfect. 

It  is  not  to  be  expected  that  an  inexperienced  -person  will  be  able  to 
do  this  work  of  anthropometry  without  error.  In  the  begiooiogs  of 
the  system  there  were  fewer  identifications  of  former  criminals  snd 
more  failures,  but  as  time  has  progressed  and  a  certain  expertness  witb 
regard  to  measuring  and  accuracy  in  making  and  keeping  the  recoids, 
these  errors  and  failures  have  been  so  far  eliminated  as  that  Honsieiir 
Bertillon  claims  it  to  be  practically  perfect. 

The  anthropometric  service  in  the  penitentiary  and  police  systun 
of  France  was  established  in  1882.  The  annual  examinations  were  w 
follows:  In  1882, 225;  1883,7,336;  1884,10,398}  1885,14,965;  1886. 
15,703 ;  1887, 19,150.  Up  to  this  time  the  service  wss  considered  more 
or  less  experimental,  and  only  certain  classes  were  subject  to  measure- 
ment. 

In  the  year  1888  the  application  of  the  system  was  extended  to  in- 
clude all  persons  arrested  for  any  except  tbe  lower  grades  of  offeDSM, 
and  the  number  in  this  year  who  passed  through  the  depot  at  Paris  vns 
increased  to  31,849.  This  gives  an  average  of  about  100  meaeuremeob 
per  day.  M.  Bertillon  told  me  that  in  practice  it  took  the  two  men,  o« 
to  meaaore  the  other  to  record,  about  7  minutes  to  each  prisoner,  orS 
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priaoners  perbour.  *  Ah  it  in  imporliiiit  thut  prisoners  slioald  be  exam- 
ined  in  court  witbont  delay  the  entire  day  is  not  at  their  disposal,  and 
Htbey  have  four  squads  of  operators,  who  endeavor  to  conclude  their 
ineawirementA  each  day  before  breakfast,  as  tbey  call  it;  that  is,  before 
13  m.,  the  afteroooD  being  devoted  to  the  routine  business  at  the  office. 
Of  the  31,819  offenders  or  suspects  measnred  in  1888  616  were  recog- 
Diied  as  baring  been  measared  before,  bnt  wbo  songht  to  conceal  their 
ideDti^by  giving  false  names  and  reporting  falsely  the  nauiber  of  their 
ureatB.  There  were  only  four  failores  of  ideutiflcatioa.  Fonr  failnree 
ODt  of  31,849  measorements  vas  considered  by  M.  Bertillon  to  be  prao- 
tically  perfection. 

This  system  of  M.  Bertillon  for  identi^cation  of  iudividuala  by  means 
of  anthropometry  Is  having  much  success.  The  most  anperfioial  exam- 
inatioD  seems  to  convince  every  one  of  its  efllcacy  and  anperiority. 
M.  Gantilo,  Procureur  General  at  Buenos  Ayi-ee,  the  delegate  from  tbe 
Argentine  Republic,  bore  his  testimony  before  the  congress  of  tbe  mar- 
velous results  obtained  in  the  determination  of  individual  identity.  He 
said  that  the  method  had  been  adopted  by  several  of  tbe  States  of  the 
United  States  of  North  America,  and  also  by  his  own  ooootry,  the  Ar- 
gentine Bepablic,  the  capital,  Buenos  Ayres,  already  posseaaing  an  in- 
BtaliatioD  of  the  antbropoinetric  system  of  Bertillon.  He  spoke  of  the 
necessity  for  its  adoption  by  all  civilized  coantries,  and  be  proposed  to 
the  congress  a  resolution  inviting  all  governments  to  adopt  it  whenever 
tbey  might  have  need  for  the  identification  of  any  considerable  number 
of  their  citizens,  which  resolution  was  unanimously  adopted. 

U.  Bertillon  stated  that  after  France  tbe  Argentine  Republic  was  tbe 
first  government  to  adopt  tbe  anthropometric  system  by  law  or  ofQcial 
decree.  He  complimented  tbe  admirable  application  made  in  the  State 
of  Illinois,  principally  at  the  penitentiary  of  Joliet,  by  tbe  private 
efforts  of  MM.  Mao-Olaughry,  Oallas,  MuUer,  Porteona,  of  Ohicago,  etc. 
Monsieur  Herbette,  in  his  presentation  of  tbia  matter  at  tbe  congress 
of  Rome,  followiug  the  commanication  of  M.  Bertillon,*  pointed  oat 
how  this  verifying  of  the  phyaical  personality  and  tbe  indiapotable 
identity  of  people  of  adult  age  shoald  ia  modem  society  fulfill  real 
requirements  and  under  tbe  most  varied  services.  If  it  were  a  ques- 
tion, for  instance,  of  identifying  the  soldiers  of  an  army,  or  travellers 
Eoiog  to  distant  lands,  they  could  have  personal  cards  having  recog- 
nizable signs  enabling  them  always  to  prove  who  they  are;  if  it  were 
aqneation  of  completing  the  records  of  the  etat  civil  by  sure  indica- 
tions  to  prevent  error  or  Bubstitutiou  of  persons;  if  it  were  a  question 
of  recording  the  distinctive  marks  of  an  individual  in  documents,  titles, 
contracts  so  that  his  identity  could  be  established  either  for  his  own 
interest,  for  the  interest  of  third  parties,  or  for  that  of  the  state,  the 
fall  beoeflt  of  the  anthropometric  system  would  be  realized.  If  there 
should  arise  a  question  of  identity  in  a  life  certificate,  a  life  insurance 
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ooatraot  or  proof  of  ileaUi,  or  to  certify  tlia  identity  of  a  4mA  ptna*, 
or  one  badly  voaniled  or  disfigured,  tlie  bedy  having  been  partJaUj 
destroyed  or  had  beeome  diffionlt  to  recoguize  in  case  of  a  Boddw  «r 
violent  deaHi,  the  resale  of  a  crime,  an  aoeident,  a  shipwraok,  a  latttt, 
how  great  vould  be  the  advaatageof  being  able  to  trace  these  oharac- 
ten,  UHohangeable  in  eaeh  iudividnal,  iDflnltely  variably  as  ItMwein 
one  individual  and  another,  indelible,  lo  great  part,  even  in  dcatii. 

There  is  still  more  cause  to  occupy  ooeself  with  it  if  it  is  a  qaertiwi 
ot  identifyiog  diatant  persous  or  after  tbe  lapse  of  a  oonsiderabla  tea 
wbeu  the  general  appearance,  the  look,  the  featores,  and  the  physiasl 
habits  have  changed  naturally  or  artificially,  and  that  without  nevng 
or  expense,  by  the  simple  exchange  of  a  few  notes  or  flgurea  sent  Ami 
OBe  country  to  another,  from  one  continent  to  auotiier,  to  be  aUs  to 
know  in  America  what  sort  of  a  man  it  is  wbo  has  just  arrived  ftm 
Frauee,  and  to  show  clearly  whether  a  certain  traveler  one  finds  in 
Bome  is  the  same  pMSOn  that  one  measured  in  Stockholm  10  yean 
bedbre. 

In  one  word  to  fix  the  human  persooality,  give  to  each  hnman  beiof 
an  identity,  an  iudividoality  lasting,  nnohaugeaMe,  always  reot^is- 
able,  easily  proved,  this  appeaxs  to  be  the  extended  aim  of  the  b«« 
method. 

It  may  consequently  be  said  that  the  extent  of  the  probl«n,  as  vsH 
as  the  importaoce  of  its  solution,  far  exceeds  the  limits  of  peoiteatiary 
work,  and  the  iuterest,  not  iDoonsiderabln,  which  final  action  has  e»r 
cised  amongst  various  nations.  These  are  the  motives  for  giving  to  ttw 
labors  of  M .  BertiUou  and  their  practical  utilization,  the  publicity  tb«(f 
merit. 

Quution  XIX. — Copreetional  edueation — reforms  in  acoH^anoe  with 
our  knowledge  of  biology  and  of  sociology  and  tiwtr  relations  to  orins. 
Dr.  Motet,  reporter. 

Dr.  Motet,  ill  accordance  with  M.  Dalilol,  presented  theneoessitf  for 
a  considerable  development  in  moral  education  as  well  as  profeanioDal. 
Eqiecially  should  this  be  so  in  the  agricultnrol  solioole,  tuid  H.  V«e 
Hamel  came  to  their  aid  in  showing  the  success  which  had  atteniM 
the  moral  education  in  his  country  of  Holland. 

Queation  XXI.->-The  relation  between  mental  degeneration  and  sim- 
nlatiou  of  insanity.     Dr.  Paul  Qaruier,  reporter. 

The  boundary  between  crime  and  insanity  is  very  narrow  and  one 
which  gives  to  the  medicaljuriet  sometimes  the  greatest  difficulty.  It 
is  here  tbat  the  real  criminal  wilt  siuinlate  insauity  before  the  conrts 
in  order  tA  escape  the  responsibility  of  his  acts,  and  here  is  to  be  found 
the  greatest  number  of  the  simnlators.  The  degenerate  individual,  be 
who  has  come  to  be  of  a  lower  scale,  whether  mentally  or  psychologic- 
ally, is  closely  related  to  and  liable  to  become  either  epileptic  or  hys- 
teric.   If  be  shall  simulate  either  oue  of  these  or  the  iosanity  grtfwinf 
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out  of  tbwD,  he  may  be  his  own  dope,  audflniBhbybeoomJDg  tbeionniie 
ptnou  that  he  at  first  only  iMr«ten(led  tobe.  The  nimutAtioii,  even  when 
SQocessfal,  duea  not  necessarily  give  evidenue  of  iutellecluul  ability. 
It  does  not  in  theae  easefl  require  »  bich  order  of  intelleotual  ability  to 
deceive;  deceit  is  not  iutelligeuee.  It  is  many  times  diiQcalt  to  detect 
ioaaaity  in  a  given  individnal,  but  it  is  much  more  difficult  to  detect 
the  simalattDu  of  insanity.  To  do  this  with  certainty  requires  the  most 
skillfiil  and  best  trained  soieatist  A  moment's  consideration  of  the 
pivpoeition  will  serve  to  couArm  the  opinions  so  many  tames  expressed 
by  members  of  this  Uougress  as  to  the  necessity  for  an  anthropological 
edoG&tioii  and  training  on  the  part  of  the  jadgee  and  law  officers  deal- 
ing witli  orimiaals. 

<iuettum  XXII. — The  inflaence  of  professional  life  npon  cnminality. 
Dr.  Henri  Coutagne,  of  Lyon,  reporter. 

The  object  of  this  memoir  was  to  present  the  importance  of  those 
Btndles  wbitifa  had  for  their  object  a  research  into  what  the  reporitr 
called  "professional  psychology,"  or  the  psychology  of  professional- life. 
He  said  the  psychic  functions  of  the  individual  were  greatly  influenced 
by  the  profession  he  chose  to  exercise  among  his  fellows.  That  the  vo- 
catioD  or  profession  showed  the  tendency  of  races  or  of  individuals.  Be 
spokeof  the  special  aptitude  of  the  Hebrew  race  for  fluancial  afl'airs. 
His  memoir  was  as  much  graphic  &»  written,  and  showed  nine  classes 
of  professions,  and  the  crimiuals  which  bad  belonged  to  each.  This 
bad  been  continued  xnd  kept  Dp  by  him  and  his  predeceseor  since  the 
year  1829,  and  was  devoted  largely  to  statistics  as  well  as  enforciug  their 
value  and  importance.  These  statistics  showed  that  much  the  larger 
proportion  of  criminals  is  to  be  found  among  the  agricaltmat  and  indns- 
trial  population.  He  enlarged  npon  the  necessity  for  statistics,  and 
invoked  the  various  societies,  as  the  bar  associations,  the  medical  soci- 
eties, and  those  representing  other  trades  and  professions,  to  gather 
«ith  thoroQghness  and  detail  the  namber  of  criminals,  the  habit  of 
life  of  the  various  individualn,  and  especially  this  with  regard  to  their 
oosrse  in  crime.  The  congress  drifted  into  a  discussion  as  to  the  im- 
portance of  statistics,  those  to  he  gathered  as  well  by  the  state  as  by 
the  different  societies  and  organizations  mentioned. 

H.  Herbett«  enlarged  upon  the  necessity  tor  complete  and  accurate 
statistics  gathered  by  the  penitentiaries  and  prisons,  and  spoke  of  the 
necessity  of  what  he  called  "  a  bulletin  oflBcial  individnal,"  which  should 
show  every  act  in  crime  and  In  life  and  in  the  surroundings  of  the  indi- 
vidnal,  bis  temptations,  opportanities,  his  first  teudencies  to  crime,  and 
his  criminal  life  both  in  and  out  of  prison,  so  far  as  possible,  and  to  this 
Bbonid  be  added  the  anthropologic  and  pH''cbologic  investigations. 

Dr.  Wilson,  from  the  United  States  of  America,  after  noticing  the 
necessity  for  a  general  plan  of  gathering  statistics  with  accuracy  and 
detail,  and  making  a  collation  and  classiflcation  of  reports  for  purpose-s 
of  oomparlAon,  and  the  fact  that  thus  defined  tliete  weie  scai'ccly  any 
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statisttca  in  tbe  Uuitet]  States  iu  relatiou  to  crime  »uA  crimiuftlii,  went 
on  to  tmy  tbat  only  in  some  of  tbe  States  were  records  kept  so  that 
statistics  could  Ite  obtained. 

New  York  and  MassachuHette  are  the  moat  proniiQeDt.  fiat  tbeii 
records  are  kept,  each  ou  its  own  plan  and  witboDt  relation  to  tbe  plan 
of  the  otiier,  and  therefore  tbe;  lose  tbe  benefit  of  comparison  wiOi 
each  other.  Id  most  of  tbe  States  of  tbe  UuioD  there  bas  been  only  s 
alight  attempt  to  keep  vital  statistios.  Marriages,  births,  deaths,  ooa- 
victiou  for  crime,  are  intended  to  be  made  a  matter  of  record,  battJie 
penalty  provided  by  law  for  the  neglect  is  so  slight  and  so  rardy  en- 
forced as  to  be  ineffectual.  Ours  is  a  new  country ;  our  people  ban 
never  been  accustomed  to  strictness  in  making  or  keeping  snch  r» 
ords.  The  popalattoa  in  many  localities  is  sparse,  the  people  chaoge 
tbeir  residence  oft«n,  they  go  and  come  at  will,  there  is  no  miUtai; 
service  demanded  of  them,  and  it  is  exceedingly  rare  for  a  pauper  to  be 
returned  to  tbe  place  of  his  original  domicil  that  be  may  be  supported 
at  public  expense.  So  the  needs  which  exist  in  Europe  for  such  reoordi 
fail  Id  tbe  United  States.  The  only  necessity  for  such  statistics  is  be- 
lieved by  our  people  to  be  for  historic  or  sociologic  purposes.  Tlui 
bas  not  yet  been  sufficiently  appreciated  by  tbem  to  overcome  tbe  diffi- 
culties. There  are  also  more  difficulties  than  exist  iu  European  coos- 
tries.  Our  country  is  large;  compared  with  European  countries  it  hu 
a  vast  extent.  It  was  also  as  compared  with  these  countries,  dls- 
oovered  only  a  few  years  ago.  It  has  bad  only  about  100  years  of  tifa 
One  hundred  years  ago  it  had  but  3,000,000  souls ;  it  extends  ttom  tbe 
Atlnntic  to  the  Pacific,  a  distance  of  nigh  5,000  miles,  and  its  center  of 
population  remained,  untjl  within  50  years,  practically  on  tbe  Atlantie 
coast,  and  even  now  bas  not  gone  beyond  600  miles  to  the  westvud. 
Our  country  bad  to  be  rescued  from  tbe  possession  of  the  barbuian, 
and  a  people  thas  engaged  have  but  little  time  and  less  inclinatioo  to 
keep  records  and  statistics  which  in  their  opinion  have  only  a  senti 
menial  utility.  So  it  has  as  yet  been  scarcely  attempted.  Wemq 
accomplish  it  after  a  time;  not  at  present  The  difficulties  are  in- 
creased by  our  form  of  government.  We  have  that  anomaly  of  two 
sovereignties  within  one  country,  two  governments  over  one  people; 
anil  1  explained  the  difference  between  our  State  and  national  govern- 
meuts,  each  of  which  has  its  own  jurisdiction  over  crime,  and  yet  ewb 
is  independent  of  the  other.  So  I  said  the  United  States  Census  is  de- 
pen<leut  largely  for  its  statistics  of  crime  upon  information  obtuoed 
from  the  State  authorities.  If,  on  tbe  other  band,  it  be  a  State  censng, 
each  will  be  separate  and  distinct,  and  may  be  different  from  any  othet. 
So  it  was  that  in  tbe  State  of  Peunsylvania  the  statistics  of  crioH 
showed  the  number  of  convictions  to  be  2,030,  while  tbe  State  of  Ne* 
Tork,  with  but  a  sligbtly  increased  populiition  returned  58,670  coorie- 
tions;  twenty  times  more  than  that  of  PennsylViinia.  The  explana- 
tion giveu  was,  that  in  the  former  State  convictions  only  iu  tbe  courtsof 
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record  were  reported,  while  in  the  latter  the  ooDviotioDS  were  of  eyery 
kind,  whether  for  small  or  great  offeoses. 

The  mea^r  statistics  of  criins  in  the  United  States,  taken  from  the 
ceDsna  of  1880,  and  reported  by  Mr.  A.  B.  SpoSbrd  in  his  Americau 
AimaDac,  are  given  id  the  following  table: 
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Qu««(ton  XXVI. — Political  offenses  from  the  point  of  view  of  antbro- 
pology. 

This  stady,  writtea  by  M.  Laecbi,  an  avocat  from  Yerona,  was  made 
with  the  assiataDceofH.LombroBo.  Itdealtwitb  race,  geDias,aDdtbe 
tleosity  of  the  popniatioa  in  the  older  and  better  settled  oouDtriea.  The 
aathor  distingnishcd  revolution  from  revolt.  The  first  he  called  psycho- 
logic manifestatioDe,  and  the  latter  pathologic.  Eespoke  of  the  influ- 
ences of  climate  and  orography,  not  to  mention  those  social  and  polit- 
ical, npou  the  race  which  might  belong  to  or  inhabit  a  country.  He  gave 
u  his  opinion,  derived  from  his  investigatiou  and  the  stalistica,  that  the 
Rhort-headed  races,  brachycephiilics,  were  conservative,  while  the  long- 
headed, dolicocepbalics,  were  revolutiout»tif> ;  thut  the  mixtare  of  tbese 
races  conUI  modify  their  character  aod  so  change  them  as  a  nation,  but 
that  occasionally,  by  reason  of  atavism,  or  something  similar,  pecniiar 
circumstances,  changes  in  social  conditions  as  well  as  in  political,  the 
dolicocephalic  individual  of  modern  timesand  in  modern  coautries  might 
break  out  in  revolution,  which  was  naught  else  on  his  part  than  the 
retarn,  through  heredity,  to  the  original  revolutionary  characters  of 
Home  remote  ancestor.  Fie  said  the  most  revoluiionary  cities  of  Eu- 
rope, like  Paris,  Florence,  Geneva,  were  those  whiob  manifesttfd  the 
greatest  genius  and  the  most  vivacity  of  thought. 

Drs.  Broiiardel  and  Motet  belieuecl,  on  the  contrary,  that  the  influ- 
ence of  political  Crimea  was  to  show  the  inferiority  of  intelligence,  the 
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fHiftttMD,  tkt  hnproMiotmbUity,  iMd  the  ezaltetion  of  the  iodiTidiid 
These,  said  tbey,  were  particular  feotors  id  politioid  crines. 

ProAeaor  Lombroso  oited  U.  Talae,  and  said  ttiat  tfaem  political 
oiHMs  were  wbat  the  aothropologicAl  hisUwiMi  raigbt  well  call  politieal 
epilepsy. 

QueatumXXVlL — JorispradeDoe  applied  to  criminal  sociology.  H. 
'  Pierre  Sarraute,  judge  of  the  tribuual  at  Perigoeaz,  Dordogne,  reporttr. 

The  panishment  for  crime  ought  to  be  against  the  individuaL  TIk 
particalar  individual  criminal  should  be  made  to  feel  that  he  reeeiveil 
the  punishment  for  hia  offense.  To  accomplish  this  with  satis&clioD 
the  juge  d'iustruction  should  be  able  to  investigate  the  antbropologie 
and  social  factors  which  have  entered  into  or  operated  upon  the  niod 
of  the  criminal  in  causing  him  to  commit  the  offense.  The  jnged^D- 
structioo  must  himself  be  educated,  and  it  mast  be  remitted  into  hia 
hands  entirely  to  jndge  of  Che  utility,  and  extent  of  the  examiuatioB, 
and  to  control  the  results.  To  do  this  sncceesftilly  it  will  be  neenaary 
to  opea  a  coarse  of  lectures  upon  criminal  anthropology  and  medical 
Jurisprudence  in  the  varions  schools  of  law,  and  to  educate  the  stadenti 
in  these  soieucee.  The  report«r  proposed  as  a  remedy  for  some  of  tbe 
lapses  in  the  law,  and  the  miscarriages  of  justice,  an  indetemiiDite 
sentence  by  tbe  judge;  he  proposed  profound  modifieatious  in  thejai; 
system,  requiring  of  them  in  particalar  cases,  special  aptitude,  special 
preparations  or  eilncations,  enabling  them  to  deal  properly  with  the 
subject  ID  baud.  He  would  reduce  the  number  of  the  jurors  aoA  would 
require  them  to  give  their  answers  to  tbe  questions  submitted  to  then 
by  the  court,  which  answers  should  establish  the  &ct«  in  the  oase  with 
which  they  as  jurors  alone  had  to  deal,  leaving  tbe  questions  of  law  to 
tbe  judge  of  the  court;  leaving  the  anthropologic  questions,  those  of 
psychology  and  pbyfiiology,  to  the  trained  scientist,  who  should  be  a 
criminal  antbroiwlogist.  With  a  training  of  the  lawyers  and  Judges  in 
these  varions  sciences,  and  then  a  division  of  their  various  duties  and 
responsibilities,  with  higher  courts  which  should  combine  iu  them  these 
various  branches  of  scientific  knowledge,  the  right  of  the  criminal  would 
be  gnarded,  while  crime  would  be  lessened  and  society  protected. 

Qneation  XXX. — Tbe  moral  and  criminal  responsibility  of  deaf-mntea 
in  their  relations  to  legislation.     M,  Giampietro,  of  ITaplee,  reporter. 

He  argued  the  defective  physical  organization  of  deaf  mutes,  and 
seemed  to  say  that  there  was  a  corresponding  want  of  respoueibility 
which  should  be  recognized  by  tbe  law  and  the  court.  The  impoitaut 
part  of  his  paper,  which  can  not  be  here  followed,  was  the  scientiGc 
portion,  the  physiologic  investigations  into  the  conditions  of  deaf-mates 
and  the  formation  of  articulate  language.  He  described  certain  brain 
centers  wbicb  were  possessed  of  encb  functions  in  this  regard.  He 
called  thern  the  e^ntexs  auditif, phoaique,  volit^,  nnvnoni^iu^  u 
holi^iie,  and  moteur, 
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OOLOB-VISION  AND  COLORBLINDNESS." 


By  R.  Bbudbnbll  Cabtbb. 


ItiiaaMteroffomiliar  knowledge  thnt  the  sense  of  rimon  ia called 
into  wtiTit;  by  the  fonnation,  on  the  retiaaor  internal  nwvooeezpan* 
aioo  of  the  eye,  of  an  inverted  optical  image  of  external  objects — an 
iiDKge  precisely  analogous  to  that  of  the  photographic  camera.  The 
retina  lines  the  interior  of  the  eyeball  over  aoinewhat  more  tbsii  its 
posterior  hemisphere.  It  ia  a  very  delicate  transparent  membrane, 
aboDt  one-fifth  of  a  millimetre  in  tbjckness  at  its  thickest  part,  near  the 
eDtrance  of  the  optic  nerre,  and  it  gradnally  diminishes  to  less  than 
hdf  that  thickness  at  its  periphery.  It  is  resolvable  by  the  microscope 
jutoten  layers,  wbich  are  united  together  by  a  web  of  couuective  tissue, 
which  also  carries  blood  veuseU  to  minister  to  the  maintenance  of  the 
Btrnctare.  I  need  only  refer  to  two  of  these  layers :  the  anterior  or 
flbei'layer,  mainly  composed  of  the  fibers  of  the  optic  nerve,  which 
spread  ont  radially  from  their  point  of  entranee  in  every  direction, 
eioept  where  tbey  curve  around  the  central  portion  of  the  membrane ; 
aDd  the  perceptive  layer,  which — as  viewed  from  the  interior  of  the  eye- 
ball, may  be  likened  ^o  au  extremely  fine  mosaic,  each  individual  piece 
of  which  ta  in  commnnioalion  with  a  nerve  fiber,  by  which  the  imprea- 
HioDs  made  upon  it  are  conducted  to  the  brain.  The  terminals  of  tbe 
perceptive  layer  are  of  two  kinds,  called  respectively  rods  and  cones; 
tberonnw,  as  the  name  implies,  being  cylindrical  iu  shape,  and  the 
tatter  conical.  The  bases  of  the  cones  are  directed  towards  the  interior 
of  the  eye,  so  as  to  receive  tbe  light ;  and  it  is  probable  that  each  cone 
nay  be  regarded  as  a  collecting  n\  iparadis,  calculated  to  gather  together 
thelif^t  which  it  receives,  and  to  concentrate  this  light  upon  its  deeper 
aodmore  slender  portion,  or  posterior  limb,  which  is  believed  to  be  the 
portion  of  the  whole  structure  which  is  really  sensitive  to  luminous 
impressions.  The  distribution  of  the  two  elements  differs  greatly  in 
different  animals;  and  the  differences  point  to  corresponding  differ- 
ences in  ftanctlon.  Tbe  cones  are  more  sensitive  than  the  rods,  anrl 
minister  to  a  higher  acuteness  of  vision.  In  the  bnmau  eye  there  is  a 
small  central  region  in  which  the  perceptive  layer  consists  of  cones 

■  Leoture  del Jveml  at  Ibe  Ruysl lostitiitioD  ou  Friday,  May 9, 18W.  (From Xalan, 
Hb;  l&,laM,  vol.  XUI,  pp.  55-61.) 
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ooly,  a  region  which  the  fibers  avoid  by  cnrving  round  it,  and  in  which 
the  other  layers  of  tbe  retina  are  much  thinner  than  elsewhere,  was 
to  leave  a  depression,  and  are  stained  of  a  lemon-yellow  color.  In  a 
zone  immediately  around  this  yellow  spot  each  cone  is  enrronnded  by 
a  single  circle  of  rods ;  and  aa  we  proceed  outwards  towards  tbe 
periphery  of  tbe  retiua,  the  circle  of  rods  arouud  each  cone  becainee 
successively  double,  triple,  quadruple,  or  even  more  oDmeroas.  The 
yellow  spot  receives  the  image  of  the  object  to  which  tbe  eye  is  actnallj 
directed,  while  the  images  of  surrouudiug objects  fall  npon  zones  wbich 
surround  tbe  yellow  spot ;  and  tbe  result  of  this  arrangement  is  that 
generally  speaking,  the  distinctneas of  vision  diminishes  in  proportioD 
to  tbe  distance  of  the  image  of  the  object  from  the  retinal  center.  The 
consequent  eftect  has  been  well  described  by  saying  that  wbaC  we  see 
resembles  a  picture,  the  central  part  of  which  is  exqaisit«ly  finiebed, 
while  the  parts  around  the  center  are  only  rongbly  sketched  in.  We 
are  conscious  that  these  outer  parts  are  there ;  bat  if  we  desire  to  aee 
them  accnrately,  they  must  be  made  the  objects  of  direct  vision  in  tliur 
turn. 

The  indistinctness  with  which  we  see  lateral  objects  is  so  complete); 
neutralized  by  the  quick  mobility  of  the  eyes,  and  by  the  manner  in 
which  they  range  almost  nnconsciously  over  tbe  whole  field  of  vision, 
that  it  seldom  or  never  forces  itself  upon  tbe  attention.  It  may  be 
conveniently  displayed  by  means  of  an  instrument  called  a  perimetH, 
which  enables  tbe  observer  to  look  steadily  at  a  central  spot,  while  > 
second  spot,  or  other  object,  is  moved  along  an  arc,  in  any  merit)i&i>i 
from  the  circumference  of  tbe  field  of  view  towards  the  center,  or  viee 
versa.  Slight  difiereuces  will  be  fonnd  between  individuals ;  bnt,  speak- 
ing generally,  a  capital  letter  one-third  of  an  inch  high,  which  is  legi- 
ble by  direct  vision  at  a  distance  of  16  feet,  and  is  recognizable  as  a 
dark  object  at  40°  or  50°  from  tbe  fixing  point,  will  not  become  legible 
at  a  distance  of  1  foot,  until  it  arrives  within  abont  10°. 

Tbe  image  formed  upon  the  retina  is  rendered  visible  by  two  diflereut 
conditions, — that  is  to  say,  by  di&lerences  in  tbe  amount  of  light  (rtiich 
enters  into  the  formation  of  its  different  part«,  and  by  ditTerences  in  tbe 
quality  of  this  light,  that  is,  in  its  color.  The  former  conditions  are 
fulfilled  by  an  engraving,  the  latter  by  a  painting.  It  is  with  the  latter 
conditions  only,  and  with  the  power  of  perceiviug  them,  that  ve  are 
concerned  this  eveuing. 

Before  such  an  audience  as  that  which  I  have  the  honor  to  address, 
it  is  unnecessary  to  say  more  about  color  than  that  it  depends  n|>on  the 
power  possessed  by  the  objects  which  we  describe  as  colored,  to  absorb 
and  retaiu  certain  portions  of  white  or  other  mixed  light,  and  to  reflect 
or  transmit  other  portions.  The  resulting  effect  of  color  is  tbe  imiiiea- 
sion  produced  upon  the  eye  or  upon  the  brain  by  the  waves  of  liglit 
which  are  left,  after  Ibo  process  of  selective  absorption  basl>een  aticom- 
plisbeil.    Some  8ubst;iuc€s  absorb  two  of  tbe  three  fundaoieutal  colon 
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of  tbe  Bolar  Bitectram,  others  absorb  ooeoni;,  others  absorb  portioos  of 
ODe  or  more.  Wljatever  remaiiiB  is  transmitted  through  the  media  of 
tlie  eye,  and  in  th«  great  majority  of  the  humao  race,  suffices  to  excit« 
the  letiaa  to  a  cbaracteristic  kind  of  activity.  Few  thiogB  are  wore 
eurions  than  the  multitude  of  differeut  color  seusations  which  may  be 
produced  by  the  vsryiug  combiiiattons  of  the  three  simple  elements, 
nd,  green,  and  violet ;  bat  this  is  a  part  of  the  subject  into  which  it 
voald  be  impossible  for  me  now  to  enter,  and  with  which  most  of  those 
nbo  bear  me  must  already  be  perfectly  familiar. 

Apart  from  the  effect  of  color  as  one  of  tbe  chief  sources  of  beanly 
ID  the  world,  it  is  manifest  that  the  power  of  distingoisbing  it  adds 
Kreatly  to  the  acateness  of  visiuo.  Objects  which  differ  from  tbeirsar- 
roQDiliDgs  by  diOerences  of  color  are  far  more  conspicaoos  than  I  hose 
ntiich  differ  only  by  differences  of  light  and  shade.  Flowers  are 
niDcb  iudebted  to  their  brilliant  coloring  for  tbe  visits  of  tbe  insects  by 
vbicb  they  are  fertilized ;  aud  creatures  which  are  the  prey  of  others 
Sod  their  best  protection  in  a  resemblance  to  tbe  colors  of  their  envi- 
roumeDt.*  It  is  probably  a  universal  truth  that  tbe  organs  of  color 
perception  are  more  highly  specialized  and  that  the  Gense  of  color  is 
more  developed  in  all  animals  in  precise  proportion  to  tbe  general 
aciilenesa  of  vision  of  each. 

From  a  variety  of  cousideraDions,  into  which  time  will  not  allow  me 
to  euter,  it  has  tteen  concluded  that  the  sense  of  color  is  an  endowment 
of  the  retinal  cones,  and  that  the  rods  are  sensitive  only  to  differences 
ia  tbe  quantity  of  tbe  incident  light,  without  regard  to  its  quabty. 
>'octnrDal  mammals,  sucb  as  mice,  bats,  and  hedgehogs,  have  no  cones; 
aud  cones  are  less  developed  in  ncciurnal  birds  than  in  dinrual  ones. 
Certain  limitations  of  the  haman  color  sense  may  almost  be  inferred 
fiom  the  anatomy  of  tbe  retina.  It  is  found,  as  that  anatomy  woald 
lead  ns  to  suppose,  that  complete  color  sense  exists  only  in  the  retinal 
>%Dter,  or  in  and  immediately  around  the  yellow  spot  region,  and  that 
it  diminishes  as  we  pass  away  from  this  center  towards  the  periphery. 
Tlic  precise  facts  aremoredifficult  to ascertaiu than  might  besnpposed; 
for  altliongh  it  is  easy  to  bring  colored  objects  fVom  the  circumference 
to  the  center  of  tbe  field  of  vision  on  tbe  perimeter,  it  is  by  no  means 
^agy  to  be  qnite  sure  of  the  point  at  which  the  true  color  of  the  ad- 
vancing object  can  first  be  said  to  be  distincti;  seen.  Much  depends, 
moreover,  on  the  size  of  this  advancing  object,  because  tbe  larger  it 
is  the  sooner  will  its  image  fall  upon  some  of  the  more  sparsely  distrib- 
ated  couea  of  the  peripheral  portion  of  the  retina.  Testing  the  mat- 
ter upon  myself  with  colored  cards  of  the  size  of  a  man's  visiting  card 
I  tind  that  £  am  conscioas  of  red  or  bine  at  about  40°  from  the  flxing 
point,  but  not  of  green  until  it  comes  within  abont3(K> ;  while,  if  I  take 
three  spots,  respectively  of  bright  red,  bright  green,  aud  bright  blue, 
each  half  a  centimetre  in  diameter  and  sepanited  from  its  neighlior  on 
either  side  by  an  interval  of  half  a  centimetre,  spots  which  would  be 
H.  His.  129 U 
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Tistble  M  distinct  and  separate  objects  at  8  metres,  I  ean  not  feirly  aod 
distinctly  see  all  three  colors  antil  tbey  come  within  1(K>  of  the  center. 
Beyond  40°,  albeit  with  slight  differences  between  individaalB  and  od 
diRerent  meridians  for  the  same  individual,  oolorg  are  only  seen  by  the 
decree  of  their  Inminoeity ;  that  is,  tbey  appear  as  light  spots  if  npon 
a  dark  gronnd  and  as  dark  spota  if  npon  a  light  gronad.  Speakiog 
generally  therefore,  it  may  be  said  that  bnmaa  vision  is  only  tri-chro- 
matic,  or  complete  for  tbe  three  fundamental  colors  of  the  solar  spec- 
tram,  over  a  email  central  area,  which  certainly  does  not  cover  mote 
than  30O  of  the  field ;  that  it  is  bj-chromatic,  or  limited  to  red  and  rio- 
let,  over  an  anualns  outside  this  central  area ;  and  that  it  is  limited  to 
light  and  shade  fh>in  tbence  to  the  ontermost  limits  of  the  field. 

Tbe  nature  and  imitations  of  the  color  sense  in  man  long  ago  sug- 
gested to  Thomas  Young  that  tbe  retina  might  contain  three  sets  of 
fibers,  each  set  capable  of  responding  to  only  one  of  the  fuudameDtal 
colors;  or  in  other  words,  that  there  are  special  nerre  fibers  for  red, 
special  nerve  fibers  for  green,  and  special  nerve  fibers  for  violet.  It  hu 
also  been  assumed  that  the  differencesbetween  these  fibers  might  eesra- 
tially  consist  in  the  ability  of  each  set  to  respond  only  to  light  vibra- 
tions of  a  certain  wave  length,  much  as  a  toned  string  will  only  respond 
to  a  note  with  which  it  is  in  anison.  In  tbe'bnman  subject,  so  farss 
has  yet  been  ascertained,  no  optical  differences  between  the  cones  are 
discoverable ;  but  the  analogy  of  the  ear  and  the  facts  which  have  been 
supplied  by  comparative  anatomy  combine  to  render  Young's  hypothesis 
exceedingly  probable,  and  it  is  generally  accepted,  at  least  proviuon- 
ally,  as  tbe  only  one  which  furnishes  an  explanation  of  the  facts.  It 
implies  that  elements  of  all  three  varieties  are  present  in  tbe  eentnl 
portion  of  the  retina;  that  elements  seusitive  to  green  are  absent  frooi 
an  annolos  aronnd  tbe  center;  and  that  tbe  peripheral  portions  are 
destitute  of  any  elements  by  which  color  sense  can  be  called  into  se 
tivity. 

According  to  the  observation  already  made,  that  the  highest  degree 
of  acnteness  of  vision  Is  necessarily  attended  by  a  corresponding  aento- 
ness  of  color  sense,  we  should  naturally  expect  to  find  such  a  highl; 
devotoped  color  sense  in  birds,  manyofwbieh  appear,  as  regards  visati 
power,  to  surpass  all  other  creatures.  I  need  not  dwell  upon  theoflee* 
described  acnteness  of  vision  of  vultures  or  upon  tbe  vision  of  Bsfains 
birds,  but  may  pass  on  to  remark  that  the  acnteness  of  their  visiiHi  sp- 
pears  not  only  to  be  unquestionable,  but  also  to  be  much  more  widely 
diffused  over  the  retina  than  is  tbe  case  with  man.  Ifwewatcbdooies- 
tic  poultry  or  pigeons  feeding  we  shall  tVeqnently  see  a  bird,  vben 
busily  picking  up  food  immediately  in  front  of  its  beak,  suddenly  m^ 
a  lateral  dart  to  some  grain  lying  sidewise  to  its  line  of  sight,  wbioh 
would  have  been  practically  invisible  to  a  human  eye  looking  is  A* 
same  direction  as  that  of  tbe  fowl.  When  we  examine  the  retina  tbe 
explanation  both  of  tbe  acuteness  of  vision  and  of  its  distribution  tw- 
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MMDM  Ht  onm  »pptu«Qt  Jd  birds,  in  some  reptiles,  and  in  fltbea  not 
on);  are  oones  distribated  over  the  retina  maoh  more  obandantly  and 
more  evenly  than  in  man,  bat  the  cones  are  provided  with  colored 
globnlee,  droplets  of  colored  oil,  at  their  apices,  through  which  the  liffht 
entering  tbem  must  pass  before  it  can  excite  sensatioa  and  which  are 
practically  impervions  to  any  color  but  their  own.  Each  globale  in  so 
pliwed  as  to  intervene  between  what  is  regarded  as  the  collecting  por< 
tion  of  the  cone  and  what  is  regarded  as  its  perceptive  portion  in  such 
a  ffay  that  the  latt«r  can  only  receive  color  which  is  capable  of  passing 
throngb  the  globnle.  The  retinte  of  many  birds,  especially  of  the  finch, 
Uie  pigeon,  and  the  domestio  fowl,  have  been  carefnUy  examined  by 
Dr.  Waelchli,  who  finds  that  near  the  center,  green  is  the  predominant 
color  of  the  cones,  while  among  the  green  oones,  red  and  orange  ones 
are  somewhat  sparingly  interspersed  and  are  nearly  always  arranged 
alternately,  a  red  cone  between  two  orange  ones,  and  tioe  verta.  In  a 
sorroonding  portion,  called  by  Dr.  Waelchli  the  red  zone,  the  red  and 
orange  cones  are  arranged  in  chains  and  are  larger  and  more  nnmerotis 
than  near  the  yellow  spot.  The  green  ones  are  of  smaller  size  and  All 
ap  the  inter-spaces.  Kear  the  periphery  the  cones  are  scattered,  the 
three  colors  about  eqaally  nanieroas  and  of  eqaal  aizfi,  while  a  few 
eolorless  cones  are  also  seen.  Dr.  Waelchli  examined  tbe  optical  prop- 
erties of  the  colored  cones  by  means  of  the  micro-epeotroscope  and  fonnd, 
as  the  colors  woald  lead  us  to  suppose,  that  they  transmitted  only  tbe 
correepouding  portions  of  tbe  spectrum,  and  it  wonld  almost  seem,  ex- 
cepting for  the  few  colorless  cones  at  the  peripheral  part  of  the  retina, 
that  the  birds  examined  must  have  been  unable  to  see  blue,  the  whole 
of  which  wonld  be  absorbed  by  their  color  globules.  It  would  be  uecee- 
saiy  to  be  tboronghly  acqnainted  with  their  food  in  order  to  understand 
any  advantage  which  the  birds  in  qnestion  may  derive  ftom  the  pre* 
dominance  of  green,  red,  and  orange  globules  over  otbera,  but  it  is  im- 
possible to  consider  the  strnetnre  thus  described  without  coming  to  the 
conclusion  that  the  birds  in  which  it  exists  must  have  a  very  acute  sense 
of  the  colors  corresponding  to  the  globules  with  which  they  are  so 
sbnndantly  provided  and  that  this  color  sense,  instead  of  being  localised 
in  the  center,  as  in  the  human  eye,  must  be  diffused  over  a  very  largo 
portion  of  tbe  retina.  Dr.  Waelchli  points  out  that  the  coloration  of 
the  yellow  spot  in  man  mast,  to  a  certain  extent,  exclude  blue  from  the 
central  and  most  sensitive  portion  of  his  retina. 

It  is  hardly  uecessary  to  mention  how  completely  the  high  differen- 
tiation of  the  cones  in  the  creatures  referred  to— tends  to  support  tbe 
hypothesis  of  Toung,  that  a  similar  differentiation,  although  not  equally 
lOMiifest,  exists  also  in  man.  If  this  be  so,  we  must  conclude  that  the 
region  of  the  yellow  spot  contains  cones,  some  of  which  are  capable  of 
being  called  into  activity  by  red,  otbera  by  green,  and  others  by  violet ; 
that  a  surrounding  annulus  contains  no  cones  sensitive  to  green,  Imt 
sachasareseusitiveto  red  or  to  violet  only  }  and  that,  beyond  andarouud 


692  COLOR-VISION  AND  COLOR- BLINDNESS. 

this  latter  region,  sacb  cooes  as  may  esist  are  oot  sensitive  to  any  ooloi, 
but,  like  the  rotla,  only  to  diQereocea  iu  the  amount  of  light.  When 
cones  of  only  one  kind  are  called  into  activity  the  sensation  prodaoed 
is  named  red,  green,  or  violet,  and  wbea  all  three  varieties  are  stima- 
lated  iu  about  an  equal  degree  the  seusation  produced  is  called  white. 
In  the  same  way  the  iunutnerable  intermediate  color  eessatioas,  of 
which  the  normal  eye  is  susceptible,  must  be  ascribed  to  stimulatioa  of 
the  three  varieties  of  cones  in  unequal  degrees. 

The  conditious  of  color-sense  which  iu  tbe  bumau  race  (or  at  least  in 
civilized  man)  exist  normally  iu  outer  zones  of  tbe  retina,  are  found  in 
a  few  individuals,  to  exist  also  iu  the  center.  There  are  persons  iu  whom 
the  region  of  tbe  yellow  spot  is  absolutely  iusensitire  to  color,  and 
recognizes  ouly  differences  iu  the  amouut  or  quantity  of  light.  To  sneh 
persons  the  term  "  color-blind  "  ought  perhaps  iu  strictness  to  be  limited; 
but  tbe  individoals  in  question  are  so  rare  that  they  are  hardly  entitled 
to  a  monopoly  of  an  appellation  which  is  conveniently  applied  also  to 
otliers.  The  totally  color-blind  would  see  a  colored  picture  as  if  it  were 
an  engraving,  or  a  drawing  in  black  and  white,  and  would  perceivedif- 
ferences  between  its  parts  only  in  tbe  degree  iu  which  they  differed  io 
brightness. 

A  more  common  condition  is  the  existence,  in  tbe  center  of  tbe  retuiA, 
of  a  kind  of  vision  like  that  which  normally  exists  iu  the  zone  nextsor- 
rounding  it;  that  is,  a  blindness  to  greet).  Persons  who  are  blind  to 
green  appear  to  see  violet  and  yellow  much  as  these  are  seen  by  tbe 
normal-sighted,  and  they  can  see  red,  but  they  can  not  distinguish  it 
from  green.  Others,  and  this  form  is  more  common  than  tbe  preceding, 
are  blind  to  red,  and  a  very  small  number  of  persons  are  blind  to  vitdet 
Such  blindness  to  one  of  the  fuudamental  colors  may  be  either  coto- 
plete  or  incomplete ;  that  is  to  say,  the  power  of  tbe  color  in  question 
to  excite  its  proiier  sensation  may  be  either  absent  or  feeble.  In  some 
cases  the  defect  is  so  moderate  in  degree  as  to  be  adequately  described 
by  tbe  phrase  "  defective  color-sense." 

The  experiments  of  Helmholtz  npon  color  led  him  toBupplemeot  tbe 
original  hypothesis  of  Young  by  the  supposition  that  the  special  nerve 
elements  excited  by  any  one  color  are  also  excit«d  iu  some  degree  by 
each  of  the  other  two,  but  that  they  respond  by  tbe  seusation  appropri- 
ate to  themselves,  and  not  by  that  appropriate  to  tbe  color  by  vhieb 
they  are  thus  feebly  excited.  This,  which  is  often  called  the  Yoang- 
Helmboltz  hypothesis,  assumes  that  the  pure  red  of  the  spectram, 
while  it  mainly  stimulates  tbe  fibers  sensitive  to  red,  etimulates  ipa 
less  degree  those  which  are  sensitive  to  green,  and  in  a  still  less  degree 
those  which  are  sensitive  to  violet,  tbe  resulting  sensation  being  red. 
Pure  green  stimulates  strongly  the  green- perceptive  fibers,  and  stima- 
latea  slightly  both  tbe  red-perceptive  and  the  violet-perceptive— residt- 
ing  sensation,  green.  Pure  violetstimulates  strongly  the  violet  [wroep- 
live  fibers,  less  strongly  the  green-perceptive,  least  strongly  (he  red- 
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perceptive — reaiilting  sensation,  violet.  Wlien  all  tbree  seta  of  fibers 
areaiiiuDlated  at  once  tbe  resulting  sensation  is  irhite,  and  when  a 
nonnal  eye  is  directed  to  the  spectrum  the  region  of  greatest  luininos- 
jt;  is  in  tbe  middle  of  the  yellow ;  because,  while  bere  both  the  green* 
perceptive  and  the  red -perceptive  fibers  are  stimulated  in  a  higb  degree, 
the  violet- perceptive  are  also  stimnlateil  in  some  degree. 

According  to  this  view  of  the  case  the  person  who  is  red-blind,  or  io 
whom  tbe  red-preceptive  fibers  are  wanting  or  paralyzed,  has  only  two 
fiindamental  colors  in  the  spectrum  instead  of  tbree.  Spectral  red 
oevertheless  is  not  invisible  to  him,  because  it  feebly  excites  bis  green- 
preoeptive  fibers,  and  hence  appears  as  a  saturated  green  of  feeble 
laminosity;  satarated,  because  it  scarcely  at  all  excites  the  violet- 
imoeptive  fibers.  The  brightest  partof  the  spectram  instead  of  being 
in  the  yellow  is  in  tbe  blue-green,  because  here  both  sets  of  sensitive 
fibers  are  stimulated.  In  the  case  of  tbe  green-blind,  in  whom  the 
fibers  preceptive  of-greeo  are  sap|>08ed  to  be  wanting  or  paralyzed,  the 
only  stimulation  produced  by  spectral  green  is  that  of  the  red-precep- 
tive and  of  the  violet- perceptive  fibers;  and  where  these  are  equally  stim- 
ulated we  obtain  tbe  white  of  tbe  green-blind,  which,  to  ordinary  eyes, 
is  a  sort  of  rose  color,  a  mixture  of  red  and  violet.  In  like  manner  the 
white  of  tbe  retl-bliod  is  a  mixture  of  green  and  violet,  and  if  we  con- 
sider tbe  foots  we  shall  see  that  spectral  red,  which  somewhat  feebly 
stimulates  the  green-perceptive  fibers  of  the  normal  eye,  and  spectral 
green,  which  somewhat  feebly  stimulates  the  red -perceptive  fibers  of 
the  normal  and  also  of  the  green-blind  eye,  must  appear  to  tbe  green- 
blind  to  be  one  and  the  same  color,  differing  only  in  luminosity,  and 
that  in  an  opposite  sense  to  tbe  preception  of  the  red-blind.  In  other 
words,  red  and  gret-n  are  nndistingnishable  from  each  other  as  colors 
alike  to  tbe  red-blind  and  to  the  green-blind  ;  but  to  the  former  the  red 
and  to  the  latter  tbe  green  appears,  as  compared  with  the  other,  to  be 
of  feeble  luminosity.  In  either  case  the  two  are  only  lighter  and  darker 
shades  of  the  same  color.  The  conditions  of  violet- blindness  are  analo- 
Kons,  but  the  defect  itself  in  very  rare ;  and  as  it  is  of  small  industrial 
importance  it  has  attracted  bnt  a  small  degree  of  attention. 

Very  extensive  investigations,  conducted  during  tbe  last  few  years 
both  in  Europe  and  in  America,  have  shown  that  those  which  may  be 
called  tbe  common  forms  of  color-blindness,  tbe  blindness  to  red  and  to 
green,  exist  in  about  4  per  cent  of  the  male  population  and  in  perhaps 
1  per  thousand  of  females.  Among  the  rest  there  are  slight  differences 
of  color-sense,  partly  due  to  differences  of  babit  and  training,  but  of 
little  or  no  practical  importance.  One  such  difference,  to  wbicli  Lord 
Bayleigh  was  the  first  to  direct  attention,  has  reference  to  yellow.  The 
pore  yellow  of  tbe  spectrum  may,  as  is  generally  known,  be  precisely 
matched  by  a  mixture  of  spectral  red  with  spectral  green ;  but  the  pro- 
Itortions  in  which  tbe  mixtui-e  should  be  made  differ  within  certain 
limits  for  diffiereot  people.    Tbe  difference  must,  I  think,  depend  upon 
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diSeretices  iu  tbts  piguieutattoa  of  the  yellow  spot  rather  thau  npoD 
any  defect  in  the  uerrous  apparatas  of  the  oolor-sense.  There  is  a  ver>- 
iugeuious  iustrumeDt,  invented  bjHr.  Lovibond  and  called  by  him  tbe 
"  tintometer,"  which  allows  tbe  color  of  any  object  to  be  aocontely 
Diatobed  by  ootnbinatioDa  of  colored  glass,  and  to  be  expressed  in  tertns 
of  tbe  oombination.  Iu  osiDg  this  inHtrnmeDl  we  not  only  find  etight 
difl'erencea  in  the  oombiuations  required  by  different  people,  bnt also 
iu  the  combiuationa  required  by  the  two  eyes  of  the  same  person.  Ben 
again,  I  think  the  differenoea  must  be  due  either  to  differences  id  tlte 
pigmentation  of  the  yellow  spot,  or  possibly  also  to  differences  in  Ae 
color  of  tbe  internal  lenses  of  the  several  eyes,  tbe  lens,  as  it  is  wdl 
known,  being  nsnally  somewhat  yellow  after  middle  age.  The  diSer- 
ences  are  plunly  manifest  in  comparing  persons  all  of  whom  pouees 
tri-cbromatic  vision,  and  are  not  suflBcient  in  degree  to  be  of  any  pne- 
tical  importance. 

Taking  the  ordinary  case  of  a  red-blind  or  of  a  green-blind  person, 
it  is  iuteresting  to  speculate  upon  the  appearance  which  the  wwld 
mast  present  to  bim.  Being  insensible  to  one  of  the  fUndamenlil 
colors  of  tbe  spectrum,  be  mast  lose  (rongbly  speaking)  one-thiid  ot 
tbe  luminosity  of  nature;  unless,  as  is  possible,  the  deflciency  is  mkde 
good  to  bim  by  increased  acuteness  of  perception  to  the  colors  wbwh 
be  sees.  Whether  be  sees  white  as  we  see  it,  or  as  we  see  the  loii- 
tures  of  red  and  vtolet,  or  of  green  and  violet,  which  they  make  to 
match  with  it,  we  can  only  conjecture,  on  account  of  tbe  inadeqnsef  oT 
language  to  convey  an  accurate  idea  of  sensation.  We  have  all  beard 
of  tbe  blind  man  who  concluded,  from  the  attempts  made  to  describt 
scarlet  to  him,  that  it  was  like  Uie  sound  of  a  trumpet.  If  we  take  a 
heap  of  colored  wools,  and  look  at  them  first  through  a  glass  of  pM- 
cock  blue,  by  which  the  red  rays  are  filtered  out,  and  next  tbroui^  a 
purple  glass,  by  which  a  large  proportiou  of  the  green  will  be  flltend 
out,  we  may  presume  that,  under  tbe  first  condition,  the  wools  will  ap- 
pear mnch  as  they  would  do  to  the  red  blind ;  and  under  the  seooiid. 
much  as  tbey  would  do  to  thegreeo  blind.  It  will  be  observed  that  Uk 
appearances  differ  iu  the  two  conditions,  but  that  in  both,  red  and 
green  are  practically  undistinguishable  from  each  other,  and  appear  a> 
the  same  color,  but  of  different  luminosity. 

Prior  to  refiection,  and  still  more,  prior  to  experienoe,  we  should  If 
apt  to  cotyectore  that  the  existence  of  color-blindness  in  any  individul 
could  not  remain  concealed,  either  from  himself  or  from  tboee  anxud 
bim ;  but  sucb  a  conjecture  would  be  directly  at  variance  with  Hie 
truth.  Just  as  it  was  reserved  for  Mariotte,  in  the  reign  of  Cbaries  Ilr 
to  discover  that  there  is,  in  the  field  of  vision  of  every  eye,  a  latsma  or 
blind  spot,  corresponding  with  the  entrance  of  the  optic  nerve,  so  il 
was  reserved  for  a  still  later  generation  to  discover  tbe  existence  of  to 
common  a  defect  as  color-blindness.  The  first  recorded  case  was  d^ 
scribed  to  Dr.  Priestley  by  Mr.  Huddart,  in  1777,  and  waatbatttfaB*' 
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named  Harri«,  a  shoemaker  at  Maryport,  Oumberlaud,  wbo  liad  also  a 
color-bliud  brotber,  a  mariner.  Soon  afterwards,  tbe  cam  of  Daltou, 
thecbemiat,  vaa  fully  described,  and  ted  to  tbe  discovery  of  otber  ex- 
amples of  a  similar  kind.  The  condition  was  Btill  however  looked  upon 
asavery  exc«ptioaal  one;  insomach  that  tbe  name  of  "Daltonism" 
vaa  proposed  for  it,  and  is  still  geuerally  used  ia  Frauce  as  a  synouym 
Tor  color-blindness.  Such  use  is  objectionable,  not  ouly  because  it  is 
undesirable  thus  to  perpetuate  the  memory  of  tbe  physical  infirmity  of 
an  emiuent  philosopber,  bat  also  because  l>alton  was  red-blind,  so 
tliat  tbe  Dame  could  only  be  correctly  applied  to  bis  particular  form  of 
defect 

Color-blindnew  often  escapes  detection  on  account  of  the  use  of  color 
names  by  the  color-blind  in  tbe  same  manner  as  that  in  which  tbey  bear 
tliem  used  by  other  people.  Children  learn  from  the  talk  of  those 
around  them,  that  it  is  proper  to  describe  grass  as  green,  and  bricks  or 
cherries  as  red ;  and  they  follow  this  usage,  altboagh  the  difference 
may  appear  to  them  so  slight  that  their  interpretation  of  either  color- 
name  may  be  simply  as  a  lighter  or  darker  shade  of  the  other.  When 
they  make  mistakes,  tbey  are  laughed  at,  and  thought  careless,  or  to  be 
merely  nsing  color  names  incorrectly ;  and  a  oommou  result  is  that  they 
rather  avoid  such  names,  and  shrink  Axim  committing  themselves  to 
BtktemeDts  about  color.  Dr.  Joy  Jefi'eries  gives  an  interesting  descrip- 
tion of  the  almost  unconscious  devices  practioed-by  the  color-blind  in 
Uiis  way.    He  says : 

"  Tbe  color-blind,  who  are  quick-witted  enough  to  discover  early  that 
Bometbing  is  wrong  with  their  vieion  by  the  smiles  of  their  listeners 
when  they  mention  this  or  that  object  by  color,  are  equally  quick-witted 
in  avoiding  so  doing.  They  have  found  that  there  are  names  of  certain 
attributes  they  can  not  comprehend,  and  hence  must  let  alone.  Tbey 
learn  also  what  we  forget,  that  so  many  objects  of  everyday  life 
always  have  the  same  color,  as  red  tiles  or  bricks,  and  the  color  names 
of  these  they  use  with  freedom  ;  whilst  tbey  often,  even  unconsciously, 
are  cantiona  not  to  name  the  color  of  a  new  object  till  tbey  have  beard 
it  applied,  after  which  it  is  a  mere  matter  of  memory  stimulated  by  a 
ooDSciousnees  of  defect.  I  have  often  recalled  to  tbe  color-bliud  their 
own  acts  and  words,  and  surprised  them  by  an  exposure  of  tbe  mental 
jugglery  they  employed  to  escape  detection,  and  of  which  tbey  were 
almost  unaware,  so  much  had  it  become  matter  of  habit.  Another  im- 
portant point  is,  that  aa  violet  blindness  is  very  rare,  tbe  vast  mfyority 
of  defective  eyes  are  red  or  green  blind.  These  persous  see  violet  and 
yellow  as  the  normal-eyed,  and  tbey  naturally  apply  these  color  names 
correctly.  When  therefore  they  fait  in  red  or  green,  a  casual  observer 
attribotes  it  to  simple  carelessness,— hence  a  very  ready  avoidance  of 
detectJOD.  It  does  not  seem  possible  that  any  one  wbo  sees  so  much 
correctly,  and  whose  ideas  of  color  so  correspond  with  our  own,  can 
not  be  equally  correct  throngbout,  if  tbey  will  but  take  the  pains  to 
notice  aod  imru," 
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When  the  color-blind  are  placet)  in  positions  wliivb  eompel  Vatm  to 
select  colors  for  themselves  and  others,  or  when  as  sometimes  happens, 
they  are  not  sensitive  with  regard  to  their  defect,  but  ratlier  find 
amusement  in  the  astonishment  which  it  produces  amon^  the  colw- 
seeiug,  the  resnits  which  occasionally  follow  are  apt  to  be  carioas. 
They  have  often  been  rendered  still  more  curious,  by  having  been  the 
unconscious  work  of  members  of  the  Society  of  FriemlH.  Color-bliud- 
nessisastruotuml  i>eculiarity,  constituting  what  may  be  called  a  varielj 
of  the  hnman  race ;  and  like  other  rarietiee,  it  is  liable  to  be  banded 
down  to  posterity.  Hence,  if  the  variety  occurs  in  a  person  belongiDg 
lo  a  community  which  is  small  by  comparison  with  the  nation,  and 
among  whose  members  there  is  frequent  intermarriage,  it  has  an  io- 
(neased  probability  of  t>eing  reproduced;  and  thus,  while  mauy  of  the 
best  known  of  the  early  examples  of  color  bindness,  imludiDg  that  of 
Dalton  himself,  were  furnished  by  the  Society  of  Frieuils,theex&miDA 
t  inns  of  large  narobers  of  scholars  and  others,  conducted  during  the  last 
lew  years  have  shown  that  in  this  country,  color  blimlnessiamoreconi- 
iiiou  among  Jews  than  among  the  general  popnlation.  The  Jewa 
have  no  peculiarities  of  costume;  but  the  spectacle,  which  has  mote 
tloin  once  been  witnessed,  of  a  venerable  Quaker  who  had  clothed  bin- 
self  in  bright  green  or  vivid  scarlet,  could  scarcely  fail  to  excite  thede- 
ri)4ion  of  the  nnreflecting.  Time  does  not  allow  me  to  relate  the  maD,T 
eiTors  of  the  color-blind  which  have  been  recorded  ;  bnt  there  is  an  in 
stance  of  a  clerk  in  a  Government  oSBce,  whose  duty  it  was  to  check  cer 
tHin  entries,  in  relation  lo  their  subject-matter,  with  ink  ofoueorofsn- 
oi  her  color,  and  whose  accuracy  was  dependent  upon  the  order  iowhicli 
his  ink  bottles  were  ranged  in  front  of  him.  -This  order  having  bna 
Hticideritally  ilisturbed,  great  confusion  was  produced  by  his  mistakes, 
and  it  was  a  long  time  before  these  were  satisfactorily  accounted  for. 
An  official  of  the  Prussian  ]>ost-oflice,  again,  who  was  accustomed  to 
sell  stamps  of  different  values  and  colors,  was  frequently  wrong  in  bis 
ea»h,  his  errors  being  as  often  against  himself  as  in  bis  favor,  so  as  to 
ext'lude  any  suspicion  of  dishonesty.  His  seeming  carelessness  wu  it 
last  explained  by  the  discovery  of  his  color-blindness,  and  he  was  re- 
lieved of  a  duty  which  It  was  impossible  for  him  to  discharge  vitboat 
falling  into  error. 

The  color  mistakes  of  former  years  were  however  of  little  moneBt 
wlieii  compared  with  rbose  now  liable  to  be  committed  by  engine  drir- 
eis  and  mariners.  The  avoidance  of  collisions  at  sea  and  on  railvays 
i1e|>ends  largely  on  the  power  promptly  to  recognize  the  colors  of  sig- 
uii  Ls ;  and  the  colors  most  available  for  signaling  purposes  are  red  and 
gi-e<.'ii,or  precisely  those  between  which  the  safferers  f raiD  the  two 
most  common  forms  of  color-blindness  are  unable  with  any  oertaiut; 
to  discriminate.  Alwut  13  years  ago  there  was  a  serious  railway  aM>- 
dent  in  Sweden,  and  iu  the  iiivesrigatiou  subsequent  to  tbisaceident, 
thei'e  were  some  remarkable  discrepancies  in  the  evidence  given  witb 
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regard  lo  tlie  color  of  the  signals  wliicli  had  been  ilisplajed.  Profesaor 
lloluigreii,  of  the  Uiiiveraity  of  (Jpsiila,  had  hiii  attentrou  called  to 
this  discrepancy,  aud  he  fouud,  on  further  ezAminntiou,  that  the  wit- 
De88  vhose  assertioDs  about  the  signals  diflered  from  those  of  other 
people  vas  actnnlly  color  blind.  From  this  incident  arose  Profeasor 
Holiugren'a  great  interest  in  the  subject,  aud  he  did  not  rest  until  he 
Lad  obtained  the  eoactmeDt  of  a  law  noder  which  no  one  can  be  taken 
into  the  employmeutbf  a  Swedish  railway  until  his  color-vision  has 
been  teflted,  and  has  been  found  to  be  sufficient  for  the  duties  be 
will  he  called  npon  to  perform.  The  example  thns  set  by  Sweden  has 
hetu  followed,  more  or  less,  by  other  countiies,  and  especially,  thanks 
to  the  untiring  labors  of  Dr.  Joy  Jeflries,  of  Boston,  by  several  of  the 
United  Suites;  while  at  the  same  time  much  evidence  has  been  col- 
lected to  show  the  connection  between  railway  and  marine  accidents 
and  the  defect. 

It  has  been  I'onnd,  by  very  extensive  and  carefully  conducted  exam- 
toationaof  largebodiesof  men,  soldiers,  policemen,  the  workers  in  great 
iodnstrial  establishments,  and  so  forth,  as  well  as  of  children  in  many 
schools,  that  color-blindness  exists  in  a  noticeable  degree,  as  I  have 
already  said,  in  about  4  per  cent,  of  the  male  industrial  population  in 
civilized  countries,  and  in  about  one  per  thousand  of  femules.  Among 
the  males  of  the  more  highly  educated  classes,  taking  Eton  boys  as  an 
example,  the  color-blind  are  only  between  2  and  3  per  cent.,  and  per- 
baps  nearer  to  3  than  to  3,  Whether  asimilar  difference  exists  between 
females  of  different  classes,  we  have  no  statistics  to  establish.  The 
condition  of  cotor-blindness  is  absolutely  incurable,  absolutely  incapa- 
ble of  modification  by  training  or  exercise,  in  the  case  of  the  individual; 
altbougfa  the  comparative  immunity  of  the  female  sex  justifies  the  sug- 
gestion that  it  may  possibly  be  due  to  training  throughout  successive 
generations,  on  account  of  the  more  habitual  occnpation  of  the  female 
eyes  about  color  iu  relation  to  costume.  However  this  may  be,  in  the 
individual,  as  I  have  said,  the  defect  is  unalterable ;  aud  if  the  difference 
between  red  aud  green  is  uncertain  at  8  years  of  age,  it  will  be  equally 
DQccrtain  at  80.  Hence  the  existence  of  color-blindness  among  those 
who  have  to  control  the  movements  of  ships  or  of  railway  trains  coa- 
stitates  the  real  danger  to  the  public;  aud  it  is  highly  important  that 
the  color-blind,  in  their  own  interests  as  well  as  in  those  of  others, 
slinnid  be  excluded  from  employments  the  duties  of  which  they  are 
unfit  to  discharge. 

The  attempts  hitherto  made  in  this  country  to  exclude  the  color- 
blind from  railway  and  marine  employment  have  not  been  by  any  means 
auceessful.  As  far  as  the  merchant  navy  is  coocerued,  so-called  examl- 
UHtioDS  bave  been  conducted  by  the  board  of  trade,  with  results  which 
van  only  be  described  as  ludicrous.  Candidates  have  been  "  plucked  " 
ill  color  at  one  examination,  and  permitted  to  pass  at  a  subsequent  one; 
as  if  correct  color-vision  were  something  which  could  be  acquired. 
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Sucb  oatididHtos  were  either  improperly  rejected  ou  tlie  firitt  i 
or  iiiipro]>erly  accepted  on  Uie  second.  On  Eagtiah  rail  vays  then  bu 
been  no  uotformity  in  the  methods  of  testing ;  except  (in  so  far  as  lain 
aoqaainted  with  them)  that  they  have  been  almost  oniformly  misleadiDg, 
calealated  to  give  rise  to  the  imputation  of  oolor-bliadness  where  it  did 
not  exist,  and  to  leave  it  andiscoTered  where  it  did.  In  these  circom- 
stances  it  is  not  surprising  that  great  discontent  should  have  arisen 
among  railway  men  in  relation  to  the  subject;  ind  this  discontent  hu 
led,  indirectly,  to  the  appointment  of  a  committee  by  tiie  Boyal  Society, 
with  the  sanction  of  the  board  of  trade,  for  the  purpose  of  inTestigating 
the  whole  question  as  completely  as  may  be  possible. 

It  is  perhaps  worth  while,  before  proceeding  to  deecni>e  tbemanner  in 
which  the  color  sense  of  targe  bodies  of  men  should  i>e  tested  for  indm- 
trial  purposes,  to  say  something  as  to  the  amount  of  danger  whidi 
coior-blinduess  produces.  A  locomotive,  as  we  all  know,  is  ander  the 
charge  of  two  men,  the  driver  aud  the  fireman.  In  a  staff  of  1,000  of 
each,  allotted  to  1,000  locomotives,  we  should  expect,  in  the  absence  of 
any  efficient  method  of  examination,  to  find  40  color-blind  drivers  and 
40  color-blind  firemen.  The  chances  would  be  1  in  25  that  either  tbe 
driver  or  the  fireman  on  any  particular  engine  would  be  color  blind; 
they  would  be  1  in  625  that  both  would  be  color-blind.  These  figures 
appear  to  show  a  greater  risk  of  accident  than  we  find  realized  in  actuil 
working,  and  it  is  manifest  that  there  are  compensations  to  be  takai 
intoaoGonnt.  In  tbe  first  place,  the  term  "  color-blind  "is  itself  in  some 
degree  misleading ;  for  it  must  be  remembered  that  the  signals  to  whidi 
the  color-blind  person  is  said  to  be  "blind"  are  not  invisible  to  him. 
To  the  red-blind,  the  red  light  is  a  less  luminous  green ;  to  the  green- 
btiud,  the  green  light  is  a  less  tuminons  red.  The  danger  arises  beca4Me 
the  apparent  differences  are  not  sufficiently  characteristic  to  lead  tocer- 
tain  and  prompt  ideutiflcation  in  all  states  of  illumination  and  of  atmos- 
phere. It  must  be  admitted  therefore  that  a  color  blind  driver  may  be 
at  work  for  a  long  time  without  mistakes;  and  it  is  probable,  knowing, 
as  he  mnst,  that  the  differencex  between  different  signal  tights  appear 
to  bim  to  be  only  trivial,  that  be  will  exercise  extreme  caation.  Tbee 
it  must  be  remembered  that  lights  never  appear  to  an  engine  driver  in 
nuexpected  places.  Before  being  intrusted  with  a  train  he  is  taken  ovw 
tbe  line,  and  is  shown  the  precise  position  of  every  light.  If  a  light 
did  not  appear  where  it  was  due,  he  would  naturally  ask  his  flremao  to 
aid  in  the  lookout.  It  must  be  also  remembered  that  to  orw-nn  a 
danger  signal  does  not  of  necessity  imply  a  coUision.  A  driver  may 
over-ran  the  signal,  and  after  doing  so  may  see  a  train  or  other  obstnie- 
tiou  on  tbe  line,  and  may  stop  in  time  to  avoid  an  accident.  In  such  a 
case  he  would  probably  be  reported  and  fined  for  overrunning  the  sig- 
nal ;  and  if  the  same  thing  occurred  again,  be  would  be  dismissed  fix 
his  assumed  carelessness,  probably  with  no  suspicion  of  his  defeoL 
Color-blind  firemen  are  unquestionably  thus  driven  out  of  the  service 
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by  theoompIaJDta  of  their  drivers;  aud  none  but  railway  officialitlcuow 
bow  many  cases  of  OTer-niuning  siguaU,  foHoweil  by  ()mt>ittoa  as  to 
vhat  the  sigDals  actually  were,  occor  iu  the  course  of  u  year'H  work.  I 
bave  never  heard  of  ao  instance  in  ibis  country,  in  wbicb,  after  a  rail- 
way accitleDt,  the  color  viaion  of  tbe  driver  concerned  or  of  his  flremaa 
bu  beeD  tested  by  an  expert  on  the  part  either  of  tbe  board  of  trade  or 
of  the  company,  bat  a  fireman  |u  the  United  States  has  recently  recov- 
ered heavy  damages  ffttin  the  company  for  the  loss  of  one  of  his  legs 
in  a  collision  which  was  proved  to  have  been  occasioned  by  tbe  color- 
btindoees  of  tbe  driver.  Looking  at  tbe  whole  question,  I  feet  that  the 
danger  on  railways  is  a  real  one,  but  that  it  is  minimized  by  the  several 
considerations  to  which  I  have  referred,  aud  that  it  iit  much  smaller 
t^an  tbe  ftvquency  of  the  defect  might  lead  us  to  think  likely. 

At  sea,  the  danger  is  mnch  more  formidable.  Tbe  lights  appear  at 
ai]  sorts  of  times  and  places,  and  there  may  be  only  one  responsible 
person  on  the  lookout.  Mr.  Bickertou,  of  Liverpool,  has  lately  pub- 
lished accounts  of  three  cases  iu  which  tbe  color-blindness  of  officers  of 
the  mercantile  marine,  all  of  whom  had  passed  tbe  board  of  trade  ex- 
amination, was  accidentally  discovered  by  the  captain  being  on  deck 
when  the  officers  in  question  gave  wrong  orders  cunse(iueiit  upon  mis- 
taking the  light  shown  by  an  approaching  vessel.  Tbe  Iobh  of  tbe  VUle 
du  Havre  was  almost  certainly  due  to  color-blindness ;  and  a  very  fatal 
collision  in  American  waters,  some  years  ago,  between  the  Isaac  BM 
and  tbe  LuMberman,  was  traced,  long  after  tbe  event,  to  tbe  color- 
blindness of  a  pilot,  who  had  been  unjustly  accused  of  being  drunk  at 
fbe  time  of  the  occurrence.  In  how  many  instances  color-blindness 
has  been  the  unsuspected  cause  of  wrecks  aud  other  calamities  at  sea, 
it  is  impossible  to  do  more  than  conjecture. 

It  is  neceosary  then,  alike  iu  the  public  interest  and  iu  the  interest 
of  the  color-blind,  who  have  doubtless  often  suffered  in  the  misfortunes 
which  their  defects  have  produced,  to  detect  them  in  time  to  prevent 
tbem  firom  entering  into  the  marine  and  railway  services ;  and  the  next 
question  is,  how  this  detection  should  be  accomplisbeil.  We  have  to 
distinguish  the  color-blind  from  the  color-sighted ;  but  we  must  be  care- 
ful not  to  confound  color-blindness  with  tbe  much  more  common  con- 
dition of  color-ignorance. 

It  would  surprise  toany  people,  more  especially  m^ny  ladies,  to  dis- 
cover the  extent  to  which  sheer  ignorance  of  color  prevails  among  boys 
and  men  of  tbe  laboring  classes.  Mauy  who  can  see  colors  perfectly, 
and  who  wonld  never  be  in  the  least  danger  of  mistaking  a  railway 
signal,  are  quite  nnable  to  name  colors  or  to  describe  them,  and  they  are 
sometimes  unable  to  perceive  for  want  of  education  of  a  faculty  which 
tbey  notwithstanding  possess,  anything  like  fine  shades  of  difference. 
Mr,  Gladstone  once  published  a  paper  on  tbe  Beauty  and  uncertain 
uolor-nomenclature  of  the  Homeric  poems,  and  he  might  have  found 
■r«ty  similar  examples  among  bis  own  contemporaries  and  in  his  own 
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conntry.  I  have  latel;  seen  a  pattern  card  of  colored  silks  issued  bj  & 
Lyons  manufacturer,  whicli  contains  samples  of  two  tbonsand  differeat 
colors,  each  with  ite  more  or  less  appropriate  name.  There  is  lipie  > 
larger  color  vocabalarj-  than  the  entire  vocabniar;  for  the  expresson 
of  all  bis  knowledge  and  of  all  bis  ideas,  which  is  possessed  by  ao  aver- 
age engine  driver  or  fireman,  and  just  as  most  of  ns  would  be  iguo' 
isnt  of  the  names  of  the  immense  majority  of  the  colors  displayed  on 
that  card,  so  handreds  of  men  and  boys  amoiig  the  laboring  elasaet, 
especially  in  large  towns  where  the  opportunities  of  edncation  by  tlw 
colors  of  flowers  and  insectsare  very  limited,  are  ignorant  of  tbenuiM 
of  colors  which  persons  of  ordinary  cultivation  mention  constantly  in 
their  daily  talk  and  expect  their  children  to  pick  ap  and  to  andM«ttad 
unconsciously.  It  is  among  people  thus  ignorant  that  the  o£Beiala<rf 
the  board  of  trade  and  of  railways  have  beeu  most  sucoessfbl  in  find- 
iug  their  supposed  color-blind  persons,  and  these  persons  who  wodM 
never  have  been  pronounced  color-blind  by  an  expert  have  been  sbifii 
as  soon  as  they  have  paid  a  little  attention  to  the  observadon  isi 
naming  of  color,  to  pass  au  otBcial  examination  triompfaantly.  Ha 
sense  of  color  presents  many  analogies  to  that  of  bearing.  Some  peo- 
pie  can  hear  a  higher  or  a  lower  note  than  others,  the  differencedt-  i 
pending  upon  structure,  and  being  incapable  of  alteration.  No  oh 
who  cannot  bear  a  note  of  a  certain  pitch  can  ever  be  trained  todoso;  , 
but  within  the  original  auditory  limits  of  each  individual  the  sense  if , 
bearing  may  be  greatly  improved  by  cultivation.  In  like  manner  a , 
person  who  is  blind  to  red  or  green  must  remain  so,  but  one  irlioH 
color  sense  is  merely  undeveloped  by  want  of  cultivation  may  have  ib 
acuteoess  for  fine  difl'erences  very  considerably  increased. 

In  order  to  test  color-vision  forrailway  and  marine pnriKtses,  theGnt 
suggestion  which  woald  occur  to  many  people  would  be  to  employ  u 
objects  the  dags  and  signal  lanterns  which  are  used  in  actual  workinf. ; 
I  have  heard  apparently  sensible  people  use,  with  reference  to  suck  a 
procedure,  the  phrase  upon  which  Faraday  was  wont  to  (tour  ridicQie,  i 
and  to  say  that  the  fitness  of  the  suggested  method  "  stands  to  reawn.*  ' 
To  be  effectual,  such  a  test  must  be  applied  indifferentstates  of  atmos- 
phere, with  colored  glasses  of  various  tints,  with  varioaa  degrees  of 
illumination,  and  with  the  objects  at  various  distancea ;  so  that  mDck 
time  would  be  required  in  order  to  exhaust  all  'the  conditions  Dud« 
which  railway  signals  may  present  themselves.  This  being  done,  tte 
eiaminee  must  be  either  right  or  wrong  each  time.  He  has  atwayBsy 
even  chauce  of  being  right;  and  it  would  be  an  insoluble  problem  to  I 
discover  how  many  correct  answers  were  due  to  accident,  or  bow  rnBDJ 
incorrect  ones  might  be  attributed  to  nervousness  or  to  coufaaos  rf 
names. 

We  must  remember  that  what  is  required  is  to  detect  a  C44or-b)ia4| 
person  against  bis  will ;  and  to  ascert:iin,  not  whether  he  dewribea  ■ 
given  signal  rightly  or  wrongly  on  a  particular  ocoaaiou,  but  whctiMil 
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heoaa  earely  be  tra8t«<l  todistioguish  correctly  between  signals  on  all 
ocoasions.  We  want,  in  short,  to  ascertain  tbe  state  of  his  color-vision 
g«Derally ;  and  hence  to  infer  bis  fitness  or  nnfitness  to  discbai^  the 
daties  of  a  particalar  occupation. 

Pot  the  accomplishment  of  this  object,  we  do  not  in  the  least  want 
to  know  what  tbe  examinee  calls  colors,  bat  only  bow  be  sees  them, 
what  colors  appear  to  him  to  be  alike  and  what  appear  to  be  nnlike; 
and  the  only  way  of  attaining  this  knowledge  with  certainty  is  to  caubie 
bim  to  make  matches  between  colored  objects,  to  pat  those  together 
which  appear  to  bim  to  be  essentially  the  same,  and  to  separate  those 
which  appear  to  hiji  to  be  essentially  different.  This  principle  of  test- 
ing was  first  laid  down  by  Seebeck,  who  reqoired  from  examinees  a 
complete  arrangement  of  a  large  nnmber  of  colored  objects;  bnt  it  han 
been  greatly  simplified  and  improved  by  Professor  Holmgren,  who 
poioted  oat  that  snch  a  complete  arrangement  waa  saperfiuous,  anil 
that  tbe  only  thing  required  was  to  caase  the  examinee  to  make  matches 
to  certain  test  colors,  and,  for  this  parpoee,  to  select  fWim  a  heap  whiuh 
oontained  not  only  such  matches  bnt  also  tbe  colors  which  the  color- 
blind were  liable  to  confuse  with  them. 

After  many  trials,  Holmgren  finally  selected  skeins  of  Berlin  wool  as 
the  material  best  suited  for  this  purpose;  and  his  set  of  wools  com- 
prises about  150  skeins.  The  advantages  of  his  method  over  every 
other  are  that  the  wool  is  very  cheap,  very  portable,  and  always  to  be 
obtained  in  every  conceivable  color  aud  shade.  The  skeins  are  not 
lustioiie,  so  that  light  reflected  fVom  the  surfaces  does  not  interfere 
with  the  accuracy  of  tbe  observation,  and  they  are  very  easily  picked 
apand  manipolateil,  much  more  easily  than  colored  paper  or  colored 
glass.  Tbe  person  to  be  tested  is  plaued  before  a  table  in  good  day- 
light, the  table  is  covered  by  a  white  coth,  and  the  skeins  are  thrown 
upon  it  in  a  loosely  arranged  heap.  The  examiner  then  selects  a  skein 
of  pale  green,  much  diluted  with  white,  and  throws  it  down  by  itself 
to  the  left  of  the  heap.  Tbe  examinee  is  directed  to  look  at  this  pat- 
tern sfceiD  and  at  the  heap,  au<l  to  pick  out  from  the  latter  and  to  place 
beside  tbe  pattern  as  many  skeins  as  he  can  find  which  are  of  the  same 
xiOT.  'He  is  not  to  be  particular  atwut  lighter  or  darker  shades,  and 
IS  not  to  compare  narrowly,  or  to  rummage  mnch  amongst  the  heap, 
}at  to  select  by  his  eyes,  and  to  use  bis  hands  chiefly  to  change  the  po- 
sition of  the  selected  material. 

In  Buch  cireumtttances  a  person  with  normal  color  sight  will  select 
he  greens  rapidly  and  without  hesitation,  will  select  nothing  else,  and 
vill  select  with  a  certain  readiness  and  conBdence  easily  recognized  by 
lu  experienced  examiner,  and  which  may  even  be  carried  to  tbe  extent 
>f  neglecting  the  minute  accuracy  which  a  person  who  distrusts  his 
)wo  color  sight  will  frequently  endeavor  to  display.  Some  normal 
lighted  people  will  complete  their  selctions  by  taking  preens  which 
Doline  to  yellow,  and  greens  which  incline  to  blue,  while  others  will 
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r^ect  bolh ;  but  this  is  a  difference  de|>endiDg  sometimes  apon  inp«t- 
fect  color  edacatioa,  sometimes  apou  tbe  interpretation  placed  npoa 
tfae  directions  of  tbe  examiner,  but  the  person  wfao  so  selects  sees  tbe 
green  element  in  the  yellow  greens  and  in  tbe  blue  greens,  and  is  not 
color-blind.  The  completely  color-blind,  whether  to  red  or  to  greeo, 
will  prooeed  with  almost  as  much  speed  and  oonfldenoe  as  the  eolw 
sighted ;  and  will  rapidly  pick  out  a  namber  of  drabs,  fowns,  stone 
colors,  pinks,  or  yellows.  Between  the  foregoing  classes  we  meet  witb 
a  few  people  who  declare  the  imperfection  of  their  color  sense  by  tbe 
extreme  care  with  which  they  select,  by  their  slowness,  by  their  hesi- 
tation, and  by  their  desire  to  compare  this  or  that  skein  with  the  pat- 
tern more  oarrowl;  than  the  conditions  of  the  trial  permit.  They  nuy 
or  may  not  altimately  add  one  or  two  more  of  the  ooofnsiou  colors  to 
tbe  green,  bnt  they  have  a  manifest  tendency  to  do  so,  and  a  general 
nncertainty  in  their  choice.  One  of  the  great  advantages  of  Holmgren's 
method  over  every  other  is  the  way  in  which  tbe  examiner  is  able  to 
judge,  not  only  by  tbe  final  oboioe  of  matches,  but  also  by  the  manna' 
iu  which  the  choice  is  made,  by  the  action  of  tbe  hands,  and  by  t^e  gei- 
tnres  and  general  deportment  of  the  examinee. 

When  confusion  colors  have  been  selected,  or  when  an  onnatanl 
slowness  and  hesitatioo  have  been  shown  in  selecting,  tbe  examinee 
must  be  regarded  as  either  completely  or  incompletely  oolor-blind.  Is 
order  to  determine  which,  and  also  to  which  color  he  is  defective,  he  is 
subjected  to  the  second  test.  For  this,  the  wool  is  mixed  again,  and  the 
]>attem  this  time  is  a  skein  of  light  pnrple — that  is,  of  a  mixture  of  led 
and  violet,  mnch  dilated  witb  white.  To  match  this,  tbe  oolor-blind 
always  selects  deeper  colors.  If  be  puts  only  deeper  purples,  be  is  in- 
completely color-blind.  If  be  takes  bine  or  violet,either  with  or  with- 
out  purple,  he  is  completely  red  blind.  If  he  takes  green  or  gray,  or 
one  alone,  with  or  without  purple,  he  is  completely  green  blind.  If 
be  takes  red  or  orange,  with  or  without  purple,  be  is  violet  blind.  If 
there  be  any  doubt,  the  examinee  may  be  subjected  to  a  third  test,  which 
is  not  necessary  for  tbe  satisfaction  of  an  expert,  but  which  sometimes 
strengthens  tbe  proof  in  the  eyes  of  a  bystander.  The  pattern  for  this 
third  test  is  a  skein  of  bright  red,  to  be  need  iu  the  same  way  as  the 
green  and  the  purple.  Tbe  red  blind  selects  for  this  dark  greens  and 
browns,  which  are  m  uch  darker  than  the  pattern ;  while  tbe  green  blind 
selects  greens  and  browns  which  are  lighter  than  the  pattern. 

Tbe  method  of  examination  thus  described  is,  I  believe,  at>soliil«ly 
trust- worthy.  It  reqnires  no  apparatus  beyond  the  bundle  of  skeins  of 
wool,  no  arrangements  beyond  a  room  witb  a  good  window,  and  a  table 
witb  a  white  cloth.  In  examining  large  numbers  of  men,  they  maybe  nl- 
mitted  into  the  room  flfty  or  so  atatime,  may  all  receive  tbeiriostnietioiu 
together,  and  may  then  make  their  selections  one  by  one,  all  not  jrt 
examineil  watching  tbe  actions  of  those  who  come  up  in  their  tarn.aix] 
thus  learning  bow  to  proceed.    The  time  required  for  large  anmben 
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iren^es  aboat  a  minuM  a  person.  I  hars  heard  aod  read  of  inntaaceti 
if  color-blind  people  who  bad  pawed  tbe  wool  test  eatisfaotorily,  and 
lad  afUtrwards  been  detected  b;  other  methods,  bat  I  confess  that  I  do 
lot  believe  io  tbem.  I  do  oot  believe  tbat  in  sncb  cases  the  wool  test 
was  applied  properly,  orio  accordance  with  Holmgren's  very  precise  tn- 
ttmctions;  and  I  know  that  it  is  often  applied  in  a  way  whiohoan  lead 
wnoUtingbut  eironeoas  results.  Railway  foremen,  for  example,  re- 
hire oat  of  a  store  a  small  oollectiou  of  colored  wools  selected  on  no 
principle,  and  they  aeeitby  pnlliogont  a  single  threaal,  and  by  asking 
^heexaminee,  "Wbatcolordo  yon  call  tbatt"  Men  of  greater  s^ueo- 
lific  pretensions  than  railway  foremen  have  not  always  selected  their 
pattern  colors  accorately,  and  have  allowed  those  whom  they  examined 
ind  passed  to  make  narrow  comparisons  between  the  skeins  in  all  sorts 
)f  lights  in  a  way  which  should  of  itself  have  afforded  sufficient  evi- 
lenou  of  defect. 

Altfaongh  however  the  expert  may  be  fully  satisfied  by  the  wool  teat 
liat  the  examinee  is  not  capable  of  distinguishing  with  certainty 
Ktweea  red  and  green  flags  or  lighta  in  all  the  circnmstanoes  in  which 
liey  can  be  displayed,  it  may  still  remain  for  him  to  satisfy  the  employer 
rho  la  not  an  expert,  the  railway  manager,  or  the  shipowner,  and  to 
»nvinoe  him  that  tbe  color<blind  person  is  unfit  for  certain  kinds  of 
employment.  It  may  be  equally  necessary  to  convince  other  workmen 
hat  tbe  examinee  has  been  fairly  and  rightly  dealt  with.  Both  these 
tbjecta  may  be  easily  attained  by  the  use  of  slight  modifications  of  the 
ights  wbieh  are  employed.  Lanterns  for  this  special  purpose  were 
»ntrivetl  some  years  ago  by  Holmgren  himself  and  by  the  late  Pro- 
essor  Donders,  of  Utrecht,  and  what  are  substantially  their  contiiv- 
mces  have  beeu  brought  forward  within  the  last  few  months  as  novel- 
ies  by  gentlemen  in  this  country  who  have  re-invented  them.  The  prin- 
ciple of  all  is  the  same,  namely,  that  lightof  varying  intensity  may  be 
tUpIayed  through  apertures  of  varying  magnitude  and  through  colored 
;lii8B  of  varying  tints,  so  as  to  imitate  the  appearances  of  signal  lamps 
it  dififerent  distances  and  under  different  conditions  of  illnmination,  of 
reiither,  and  of  atmosphere.  To  the  color-blind  the  difiiBrence  between 
I  red  light  and  a  green  one  is  not  a  difference  of  color,  bntof  luminos- 
ty,  tbe  color  to  which  he  is  blind  appearing  the  less  luminous  of  the 
wo.  He  may  therefore  be  correct  in  his  guess  as  to  which  of  the  two 
8  exhibited  on  any  given  occasion,  and  be  is  by  no  means  certain  to 
aistake  one  for  the  other  when  they  are  exhibited  in  immediate  soc- 
«ssion.  His  liability  to  error  is  chiefly  conspicnons  when  he  sees  one 
ight  only  and  when  the  conditions  which  govern  its  luminosity  depart 
D  any  degree  from  those  to  which  he  is  most  uccustomeil.  With  the 
anterna  of  which  I  have  spoken  it  is  always  possible  to  deceive  a  color- 
>lin<l  person  by  altering  tbe  lumiuosity  of  a  light  without  altering  its 
^lor.  This  may  be  done  by  diminishing  the  light  behind  the  glass,  by 
icreaaing  the  thickness  of  the  red  or  green  glass,  or  by  placing  a  piece 
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of  Deotrftl  tint,  more  or  leaa  dark,  in  front  of  either.  The  moat  iooed- 
nloas  employer  may  be  convinced  by  ezpedieato  of  this  kind  that  the 
color-blind  are  not  to  be  relied  upou  for  the  safe  control  of  ahipa  or  ol 
locomotives.  With  regard  to  the  whole  question  there  are  many  pobb 
of  great  iuterest,  both  pbyeical  aud  physiological,  which  are  etiU  more 
or  less  nnoertaio,  but  the  praclioa)  elements  have,  I  think,  been  «dl- 
Digh  exbaaeted,  anil  the  means  of  secaring  safety  are  fiilly  in  the  buds 
of  those  who  choose  to  master  and  to  employ  them.  The  lantems  in 
their  varioos  forms  are  aseful  for  the  purpose  of  thoroughly  exposing 
the  color-blind  and  for  bringing  home  the  character  of  their  iuca|iacjt; 
to  unskilled  spectators  ^  but  they  are  both  cumbrous  and  superflaoiu 
for  the  detection  of  the  defect,  whioh  may  be  aocomitlished  with  fu 
greater  ease  aud  with  equal  certainty  by  the  wool  test  alone. 

I  have  already  meutioned  that  the  esamioations  which  have  beto 
oondncted  in  the  United  States,  thanks  to  the  indefatigable  laboisof 
Dr.  Joy  Jeffries,  have  led  to  the  discovery  of  aii  enormous  and  pre- 
viously quite  unsuspected  amount  of  color  ignorance,  the  coudiCioD 
which  is  frequently  mistaken  for  eolor-btindness  by  the  methods  of 
examination  which  are  in  favor  with  railway  companies  and  witLttie 
board  of  trade ;  aud  this  color  ignorance  has  been  justly  regarded  bb  i 
blot  on  the  American  system  of  national  education.  It  baa  tberefon. 
in  some  of  the  Slates,  led  to  the  adoption  of  systematic  colorteacliing 
in  the  schools  j  and  for  this  purpose  Dr.  Joy  Jeffries  has  introduced  i 
wall  chart  aud  colored  cards.  The  children  are  tanght,  in  the  Qr»t 
instance,  to  match  the  colors  in  the  chart  with  those  of  the  cards  (lis- 
tributeil  to  them,  and  when  they  are  tolerably  expert  at  matchiog  thej 
are  further  taught  the  names  of  the  colors.  It  must  nevertbelaie 
always  be  remembered  that  a  knowledge  of  names  does  oot  necessariif 
imply  a  knowledge  of  the  things  designated,  and  that  color  vi^ao 
stands  in  no  definite  relation  to  color  nomenclature.  Even  this  systm 
of  teaching  may  leave  a  color-blind  pupil  andeteoted. 
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From  the  present  Btatas  of  the  world's  cnltnre,  od«  can  not  fail  to 
discern  the  aigniflcantinflaeace  of  onr  scientific  technology  in  qualifying 
na  for  greater  acbievemeota  tlian  the  paat  centuries  have  yet  witDessed, 
whether  in  coDneotioD  with  rapid  transit  by  laud  or  sea,  tunneling 
monntaiDs,  piercing  the  air,  making  the  lightning  onr  message- bearer 
from  pole  to  pole  or  sending  our  voices  across  the  land ;  or  whether, 
tudeed,  from  another  point  of  view  we  bring  into  our  service  the  mighty 
mechanical  powers,  or  adapt  and  make  use  of  those  intangible  coutriv- 
sQcea  nsnally  unnoticed  by  the  world  at  large. 

Everywhere  in  modem  life,  about  us,  in  as,  with  as,  beside  us,  is  felt 
theioBaeace  of  scientific  art  acting  as  an  agent  and  as  companion, 
wlioee  ceaseless  service  we  never  realize  nntil  for  a  moment  it  fails  as. 

Commonplace  though  this  be,  still  it  seems  to  me  that  in  the  caltnred 
world  and  perhaps  in  the  narrower  circles  of  scientific  men,  this  truth 
is  too  slightly  valued.  The  value  of  scientific  technology  in  its  trne 
character  as  prodncer  and  promoter  of  civilization,  is  too  little  recog- 
Diwd. 

This  may  resnlt  from  a  confusion  of  the  so-called  technical  with  the 
tmscientific;  or  on  theother  hand,  from  concealment  of  its  results  under 
a  preponderating  mass  of  idealism,  Its  development  being  cramped  by 
uobition  f6r  gain  and  trammeled  by  social  evils,  which  go  hand  in  hand 
vith  indastrial  labor.  But  I  will  not  here  consider  this  side  of  the 
qaestion.  I  would  attempt  a  nearer  approach  to  the  inner  sanctuary 
of  technology  to  certain  weighty  questions,  which  appear  especially 
deserving  of  present  notice,  as : 

What  place,  particularly  in  associate  working,  the  technology  of  our 
day  takes  in  civilizatioof  A  place  not  so  well  defined,  it  appears  to  me, 
H8  is  ;hiit  we  assign  to  less  important  social,  political,  and  scientifio 
eveotii. 

Agaiu,  a  question  occurs  as  to  the  chief  featares  of  the  method  fol- 
lowed by  technology  to  attain  its  ends,  and  concerning  the  plan  which 

*  Tt.tiMlated  from  Fromtlkw  (Barlin),  1890,  vol.  I,  pp.  636,  641,  and  6G6. 
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most  more  or  lesa  nnderlie  device  aud  JDveDtion;  a  qaestioD  vhieh 
(especially  for  patent  legialatioo)  has  long  employed  and  must  long 
continue  to  employ  tbe  scientist  as  well  as  tbe  administratiTe  practi- 
tioner. 

If  we  wilt  compare  our  civilization  with  that  of  other  nations  we  mnat 
nnderstandingly  glance  at  the  people  and  their  pursuits,  which  we  find 
upon  the  lowest  stratum ;  for  example,  those  who,  tacking  a  knowl- 
edge of  writing,  that  wondrous  tfaonght  transmitter,  have,  <^  coarse, 
no  care  for  science.  In  this  comparison  one  will  soon  enconnter  peoples 
whom  a  high  caltnre  has  for  centuries,  yea,  ihonsands  of  centuries, 
been  a  part.  These  are  the  peoples  of  eastern  and  southern  Asia,  the 
Chinese,  Japanese,  people  of  India,  the  Persians,  and  Arabians.  Koling 
without  prejudice  their  culture,  we  must  concede  them  to  be  in  a  stite 
of  high  development,  indeed  to  have  l>een  highly  developed,  when  mid' 
die  Europe  still  remained  deep  in  barbarism.  Even  then  science  and 
art  flourished  among  them,  and  is  still  advancing. 

For  3,000  years  the  Indian  Tedas  have  devoutly  proclumed  tbe 
Deity ;  2,000  years  ago  the  Indian  poets  produced  their  odyseey  the 
>'  Mababliarata" — the  great  Bharata,  the  forerunner  of  many  dnimu, 
among  them  the  tender  '*  Saknntala,"  the  charm  of  which  is  still  potent 
since  its  sentiments  found  their  origin  in  the  heart  of  man.  Philosoi^ 
flourished  likewise,  and  the  science  of  laugua^e  in  so  great  degree  tliat 
tbe  Indian  grammarians  of  to-day  can  look  back  upon  an  unbrokui  line 
of  predecessors,  the  vista  terminating  in  Panini,  whom  they  reverence 
like  a  god.  Mathematics,  too,  were  fostered,  and  to-day  we  write  oar 
uumb^  in  Indian  characters.  In  parta  of  India  aud  in  eastern  Asia 
tbe  commercial  arts  progressed  then  as  now.  Persia,  too,  was  laarel- 
crowned  among  the  world's  poets.  Following  the  great  Firdonsi  tame 
the^'Horaz^of  Scbiras,  and  in  his  footsteps  Hafle  sung  his  imoKMtal 
songs,  all  of  which  have  l>ecome  a  part  of  our  literary  treasure  through 
the  sesame  of  translation.  And  the  Arabian  literature,  to  which  we 
have  not  yet  had  access  in  its  entirety,  bow  has  it  laid  under  tribute 
tbe  Grecian  inheritance,  and  so  perfected  astronomy  that  at  tbe  pres- 
ent time  we  name  half  tbe  heavens  after  them.  How,  under  Uie  patient 
and  studious  princes  of  the  time  of  Charles,  did  they  foster  the  growth 
of  arithmetical  and  still  deeper  Bciencel  How  too  have  they  sorpassed 
our  knowledge  of  chemistry  in  various  substances  aud  essenoesi 

What  is  then  the  spiritual  difference  which  sunders  their  path  from 
onrsT  Are  we  in  certain  arts  still  behind  themt  They  are  brave  sol- 
diers, gentle  aud  industrious  citizens,  wise  statesmen  aud  scholars; 
honor  and  justice  hold  high  rank  among  them.  Where  then,  considered 
as  men,  lie  the  points  of  difference  f 

Or,  on  the  other  hand,  do  we  question  whether  tbe  spiritual  twunda- 
ries  lead  to  tbe  good,  and  would  we  fain  know  whence  springs  our 
superiority  over  them  t 

How  is  it  possible,  for  example,  that  England  with  a  few  thoosaod  of 
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her  own  troops,  fdIm  the  two  hnndred  millions  of  India;  how  was  It 
possible  for  her  to  remain  victor  in  opposition  to  their  terrific  and  fanat- 
ical revolt  in  1857  T  How  does  it  happen  that  we,  Europeans  or  (not 
pardcalarl;  to  mention  the  Enropeau-aettled  America,)  that  the  At- 
lantic nations  alone  compass  the  earth  with  railroads,  snrronnd  it  with 
telegraph  lines,  traverse  its  water  girdle  with  mighty  ships,  and  that 
to  all  this  the  other  flve-sisths  of  the  earth's  iohabitanta  have  not  added 
a  span — the  same  five-sixths  which  still,  for  the  greater  part,  are 
grandly  organized  and  highly  cnltivatedt 

There  are  different  ways  of  explaining  this  astonisfaing  fact,  or  rather, 
of  at  least  attempting  to  determine  it  comprehensively.  Elemm,  the 
industriooa  Ijeipsic  collector,  wlio  was  a  pre-historian  long  before  the 
discovery  of  pile  habitations,  baa  propounded  tfae  distinction  between 
"active'' and  "  passive^  peoples ;  and  many  to-day  follow  bim  therein. 
To  him  the  Atlantic  nations  aie  the  active ;  all  others,  down  to  the  ntterly 
DDcnlbvated,  the  passive.  According  to  thin  theory  we  make  history, 
tbey  suffer  it.  Althongh  this  discrimination  appears  to  have  so  much 
in  its  favor  it  does  not  bold.  Nations  can  (as  history  teaches)  be  a 
longtime  active,  then  passive,  and  later  again  active.  Activity  and 
passivity  are  not  to  nations  indwelling  characteristics,  but  cironm- 
staoces  into  which  and  out  of  which  tbey  can  fall  without  changing 
their  spiritual,  essential  position.  One  proof  of  reality  the  Klemm 
theory  does  not  stand.  Europe  could,  to-morrow,  unyoked  from  Asia, 
be  made  passive  without  losing  the  character  which  makes  railroads, 
steamships  and  telegraphs  belong  to  her  as  her  sptritnal  possession. 
The  Arabian,  on  the  contrary,  could  destroy  the  products  of  scientific 
technology  as  the  pretended  Omar  the  books,  but  would  not  be  ableto 
re-prodace  them,  as  bas  many  times  been  done  in  case  of  the  books. 

Others  have  supposed,  and  still  believe,  that  it  is  Christianity  that 
establishes  the  distinction. 

!niis  however  does  not  stand  the  test.  Of  course  a  considerable  part 
01  the  thinking  which  resulted  in  metamorphosed  inventions  and 
discoveries  was  done  in  the  Christian  empire,  but  by  no  means  alt. 
What  an  innovation  was  made  by  the  art  of  printing,  and  yet  we 
know  that  1,000  years  earlier  the  Chinese  bad  found  a  way  to  this  art. 
Gunpowder,  too,  that  marks  bo  decisive  a  step  in  tho  progress  of  onr 
civilization,  was  used  by  the  Arabians  long  before  the  time  of  the 
Freiburg  monks.  Then  in  mechanics  we  find  those  important  power 
machines,  the  water  wheels,  are  very  old  and  of  Asiatic  origin. 

Bnt  passing  from  these  examples  to  a  genuine  ofi^priug  of  Europe, 
tiie  steam-engine,  watohing  its  gradual  development  up  to  its  actual 
nse — the  time  of  the  Renaissance — in  Italy,  Germany,  France,  and 
England,  bnt  never  ontside  of  Christendom,  even  this,  we  find,  does 
not  encounter  progress,  but  on  the  contrary,  its  adherents  often  oppose 
it  np  to  the  last. 

We  look  further  and  do  we  not  find  to-day  Christians  living  in  the 
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East,  for  example,  in  ArmeDJa  aod  in  Abyssinia,  entirely  oatside  tte 
coateoiplatioD  of  oar  rictorions  modern  technology  t  In  tbe  past  tliej 
have  added  naught  thereto  and  to-day  they  are  not  its  contribatots. 

It  can  not  be  the  things  themselves,  the  inTentiotia,  hot  the  mgem- 
dering  tboagbt  which  must  have  prodnced  the  cbaoge,  the  innonitioB. 
Id  fact  we  can  bat  ascribe  this  to  a  pecaliar  progress  in  tlioa^t 
precedence,  a  difficalt,  dangerons  ascent  to  a  higher,  freer  oomprebeB- 
sion  of  natnre. 

The  spell  which  bound  us  was  broken  by  our  understanding  when  vc 
found  tbe  forces  of  n»tare  following  in  their  operations  uo  capricioos 
will— a  Godly  will — but  working  according  to  steadfast,  onchaogesUe 
laws — the  laws  of  nature ;  never  otherwise. 

According  to  laws  miKhtj,  fixed,  eternal, 
MnBt  we  complete  oar  being's  circle 

breathe  Goethe's  words  from  out  the  terrors  of  nature's  inexorable 
power.  But  according  to  "laws  mighty,  fixed,  eternal"  roll  the  worlds 
the  stars  pursue  their  course,  a  tile  falls  &om  the  roof  or  a  drop  froo 
its  cloud  height. 

Bulla  wander  Dp  and  down. 
Worlds  go  and  come  agaiu, 
And  thin  no  wish  oan  alter. 

In  this  grand  iKietical  form  is  seized  the  same  uplifting  knovledgt 
that  not  the  bodily  but  tbe  spiritnal  force  iucloses  wicbin  itself  the  pre- 
sentimentof  God,  that  even  the  world's  creation  consists  in  the  immu- 
tability of  its  laws.  That  it  might  win  the  knowledge,  thought  broke 
through  tbe  old  barriers,  but  immediately  drew  from  real  life  con- 
clusions such  as  these,  if  we  may  utter  them  quite  &ee  from  secoodar; 
considerations. 

If  we  bring  lifeless  bodies  into  such  circumstances  that  their  workiog 
of  natural  laws  answers  our  purposes,  we  may  permit  them  instead  oi 
this  labor  to  work  for  living  beings. 

This  began  to  be  carried  out  with  intelligence,  and  thereby  was  created 
our  present  techuology.  Scientific  tecbuology  I  must  name  it  When 
the  spirit  entertained  the  idea  which  sought  to  make  natnral  laws  a  con- 
scious power,  scarcely  anything  was  known  of  these  laws  and  tbey  most 
first  be  wooed.  Through  hard  battle  indeed  must  they  be  won,  for 
the  learned  world  believed  itself  to  have  them  in  its  possession.  The 
reformer  had  therefore  not  simply  to  make  tbe  discovery,  but  to 
accomplish  the  ;;igautic  task  of  overcoming  antagonistic  convictious 
and  at  the  same  time  to  support  a  spiritual  campaign  up  to  the  heigbu 
of  freer  knowledge,  for  this  march  found  weighty  opposition  in  tbe 
decrees  of  the  church,  which  had  demanded  its  sacrifice.  Tbe  victoi}' 
was  woo,  and  therewith  our  present  technology  gained  the  command. 
The  opposing  current  of  the  time  had  spent  itself,  comprehending,  per- 
haps, its  iujustice,  for  do  not  its  first  representatives  travel  as  gaily 
upon  the  railroad,  telephone,  and  telegraph  as  do  othwa  t    Unly  soull 
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akinnishers  exist  as  a  reserve,  and  tliis  more  from  stubbornness  than 
conviction.  At  all  events  ibey  do  not  in  the  least  retard  the  chief  tuove- 
ment. 

What  had  happened  had  the  reaction  of  that  time  prevailed — for  it 
was  a  reaction  be^n  in  Germany  more  than  100  years  before,  Coper- 
nicoH  having  lain  more  than  90  years  in  the  grave  when  Galileo  was 
DDTillingly  compelled  to  witness  against  faim — what  had  happened  in 
SDob  an  event  is  difflcnit  to  conceive;  and  yet  not  so,  for  we  may  see  it 
exemplified  io  the  great  Arabian  nation.  Among  this  people  the  reac- 
tion had,  in  troth,  conqaered.  Their  Galileos,  their  Averrbo&j,  and 
numberless  others,  were  defeated,  together  with  their  free  convictions; 
with  them  their  entire  sect,  and  therewith  the  Arabian  cultnre,  wbicb 
already  had  lifted  the  hand  to  grasp  the  palm  of  victory  of  free  knowl- 
edge, was  paralyzed  by  the  fanatical  victors,  and  paralyzed  they  still  lie 
low,  already  half  a  thonaand  years.  Allah  aalani !  "  God  alone  knows," 
therefore  shalt  thou  not  desire  to  know  I  So  sonnds  it  since  then  for 
the  pure  Mohammedan ;  all  investigation  is  cut  off  from  him,  forbidden 
and  declared  sinfni.  A  noble  and  refined  disciple  of  the  Prophet  has 
Kiven  expression  to  the  hope  that  the  Moslem  may  yet  be  called  to  take 
ap  the  lost  leadership.  Who  may  believe  him  t  However,  it  appears 
certain  that  the  overthrow  of  free  thought  in  the  Arabian  language 
bas  become  decisive  for  the  remaining  Asiatic  culture.  Like  a  dam  lies 
tlie  spiritual'Slain  mass  between  them  and  us,  and  so  has  it  come  that 
ve  alone  have  entered  into  the  development  to  which  the  pictured 
progress  of  thongkt  led  the  way.  The  powers  of  natnre  which  she  has 
taught  OS  to  make  nsefnl  are  the  mechanical,  physical,  and  chemical ; 
to  permit  them  to  work  for  lis  requires  a  great  outfit  of  mathematical 
and  natural  science.  From  this  entire  equipment  we  exercise  a  portion 
as  a  privilege. 

It  seems  necessary,  in  onler  to  briefly  distinguish  the  two  directions 
of  development,  to  call  them  by  particular  names.  The  Greeks  named 
an  artistic  mechanism,  an  arrangement  through  which  the  unusual  could 
be  conducted,  a  manganan,  which  word  goes  back,  according  to  some,  to 
the  name  of  the  eminent  race  of  magicians.  All  kinds  of  definite  tangi- 
ble things  which  were  considered  skillfally  and  wisely  thought  out  were 
so  titled ;  among  others,  a  catapult  for  projectiles  for  purposes  of  war. 
Withthis  the  word  comes  into  the  Middle  Ages.  Then,  early  io  the  sev- 
enteenth century,  a  great  machine  was  invented  for  rolling  and  smooth- 
ing the  washing,  and  since  this  contrivance  bore  a  remarkable  ontwsrd 
resemblance  to  the  catapult,  it  was  also  given  its  name,  whereupon  the 
word  wandered  further  into  the  remaining  European  tongues,  as  every 
bonse-wife  knows,  or  perhaps  does  not  know,  if  she  send  her  washing 
to  a  "mangle." 

Again,  for  onr  purpose,  [  would  generaliEe  that  old  word  and  name, 
on  the  one  hand,  that  something  by  means  of  which  the  forces  of  na- 
tnre are  koowp  in  her  laws,  mangtmism,  and  oo  (be  other,  that  which 
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seems  to  staud  as  nature's  defender,  mystfiriously  guarding  her  mjt, 
nalurism. 

Employing  for  the  present  these  terms,  we  shall  see  the  peoples  of 
the  earth  divided  into  manganittical  and  naturittical,  and  shall  aotin 
that,  on  account  of  their  full  understanding  of  their  material  eqnipmoit, 
the  former  have  a  powerful  advantage  over  the  latter.  Indeed,  we  due 
go  much  farther  and  hesitate  uot  to  assert  that  to  the  manganistinl 
nations  belongs  the  domination  of  the  earth,  although  now,  as  ever,  it 
mnst  be  battled  for.  Still  the  observer  may  confidently  predict  Ute  vic- 
tory of  the  manganists  and  that  resistance  can  bat  mean  either  gradaal 
overthrow  or  destruction. 

That  onyiolding  determination  makes  possible  the  nnpreoedeoted 
step  from  uatarism  to  manganism  is  shown  in  our  time,  a  time  so  tich 
in  cnltuie,  by  the  example  of  Japan. 

The  chief  men  of  this  nation,  having  recogniEed  the  necessity,  have 
also  gained  the  political  power  for  the  purpose,  and  so  transpires  befoie 
our  eyes  the  intelligent  effort,  towards  which  all  their  strength  i> 
directed,  of  systematically  changing  their  scheme  of  instruction.  Diflt- 
cult  as  is  the  attempt  its  beginning  promises  success,  consisting  as  it 
does  in  nothing  else  than  learning,  leamifig,  learning. 

Very  geutly  in  India  the  English  have  commenced  to  work  towaida 
manganistical  education,  and  although  all  is  yet  in  the  beginniog, 
great  results  are  possible. 

It  is  uuneoessary  however  to  stray  into  distant  lands  to  find  natur- 
ism;  in  Europe  it  is  at  hand,  and  indeed  in  every  human  being  lurks  a 
portion  of  natnrism.  The  first  touch  with  manganism  mnst  be  throa^ 
education,  the  surrender  of  the  uncultured  mass  of  intellect  to  kind  di- 
ture,  but  subject  to  a  firm  control  which  shall  so  hold  her  in  check  as 
to  prevent  the  ruin  which  would  otherwise  threaten  in  the  full  coDtaot 
with  fate. 

In  Spain  manganism  has  developed  but  slightly.  The  Iberian  Fenio- 
sula  has  not  cootribated  to  the  great  metamorphosing  iuveatlons; 
naturally  the  repression  of  thought  advancement  would  occur  Don 
readily  there,  as  at  that  period  the  new-discovered  world  held  attentioD. 
The  loss  to  Spun  is,  however,  incalculable. 

Greece,  once  leading  the  world  in  arts  and  sciences,  was  at  the  time 
of  the  blossoming  of  scientific  technology,  so  entangled  in  the  result  of 
her  fall  that  the  movement  did  not  seize  her.  Now  as  a  nation  she 
seeks  to  raise  herself  out  of  natnrism  in  order  to  resume  the  traQsmis- 
sion  of  the  old  spiritual  activity,  aud  we  may  watch  with  interest  tlie 
experiment  made  upon  the  classical  soil  of  this  beautiful  land.  With- 
out manganism  the  effort  must  Ml. 

Italy  furnishes  us  with  a  striking  illustration.  For  a  long  time  de- 
voted thoroughly  to  natnrism,  and  also  desiring  her  share  in  the  great 
scientific  discoveries  of  the  Renaissance,  this  highly -gifted  people  more 
or  less  ueglected  manganism,  but  preserved  her  flowers  of  art,  and  baa 
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Uierein  aongbt  and  found  her  glory ;  this  oeglect  bet  new  form  of  gov- 
emmeut  has  caused  her  to  recofniiz«,  as  well  as  the  necessity  for  its 
Avoidance;  conseqaeutly  we  see  the  Italians  exerting  themselves  with 
aatoDishing  energy  to  spread  among  tbemselTes  mauganiatical  indDS- 
tries  and  qaalities.  That  their  rapid  and  significant  progress  in  usefal 
indostrieH  weakens  their  achievemeDts  in  art  iodostry  can  not  be 
(loabted. 

Like  a  shadow  this  fact  flits  over  ns,  antil  it  Reetns  as  if  between  the 
two  directions  most  exist  an  opposition  to  which  one  will  fall  a  sacrifice. 
Bat  not  so ;  art  and  scientific  technology  are  not  at  varianoe ;  it  only 
reqaires  great  effort  for  both  to  be  developed;  great  flruiness  and 
spiritnal  insight  into  esthetical  laws  to  counterbalance  the  disturbing 
grasp  of  the  machine. 

That  both  may  develop  side  by  side  is  shown  by  the  present  move- 
ment in  Aastria  and  Germany. 

Turning  now  to  the  vonsideratiop  of  the  inner  method  of  manganisra, 
1  pass  over  an  entire  line  of  preparatory  grades,  but  desire  to  note  that 
Thich  is  common  to  different  actions,  bat  which  seems  to  the  outside 
world  contradictory.  Sach  generalizing  shortens,  but  is  necessary  in 
onler  to  make  clearer  the  influx  of  new  appearances  in  the  technical 
kiDgdom.  For  the  purpose  of  making  these  certain,  etBcientand  intel- 
lifl^ent,  it  may  be  permitted  to  employ  a  few  simple  examples; 


The  cog-wheel  a,  Fig.  1,  catching  in  the  usaal  manner  in  the  cogs  of 
the  bar  at  2,  is  rotated  at  1  in  the  stationary  fnaie  c,  iu  which  also  at 
3,  the  cog-bar  b  slides,  this  bar,  a  very  long  one,  being  palled  down  by 
a  weight  B. 

Imagining  the  wheel  a  so  turned  as  to  raise  the  weight  B,  or  in  sach 
maoner  as  to  lower  it,  we  have  before  ns  an  efficient  machine  of  a  defl- 
Dite  kind,  viz,  one  of  oontinaoos  direction  of  motion  whether  forward 
or  backward.  We  will  call  it,  because  of  this  continuous  motion,  a 
miititn^  work  (Lanfwerke).  Aa  is  well  known,  there  are  many  running 
works;   amoug  them  friction  wheels,  cog-wbeels,  beltings,  turbines, 
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etc,  in  mnny  different  combinations.  Opposed  to  this  mechanigm  is 
another  of  a  different  motion ;  of  this  Fig.  2  fnmisbes  an  exasi[ile. 
The  wheel  a  tarns  1,  in  a  fixed  frame  and  has  saw  or  simihir  ahapcd 
teeth  in  which,  at  3,a  ratchet  catches.  This  ratchet  binders  the  wheel 
ttom  following  the  pulling  of  the  weight  A  at  the  margin  of  the  wheel 
a.  Bnt  if  the  wheel  be  turned  as  we  wind  a  cord,  4,  on  which  hangs  the 
weight,  the  ratchet  permits  the  wheel  to  go  forward  bot  retards  itaipia 
as  soon  as  the  compelling  force  snbsides. 

This  arrangement  is  known  as  "obstruction^  (Gei>perre.) 

In  the  nse  just  desoribeil  we  wonid  call  it  obatructing  tcork  (Sperrwerk); 
its  backward  and  forward  inotioD  varying,  thus  reqntriDg  it  to  be  com- 
pletely discriminated  n-om  running  tcork  (Laufwerke). 

From  the  given  groups  of  mechanisms,  five  others  are  possible. 

If  we  next  imagine  the  ratchet  to  be  raised,  through  pressure  npoo 
tbe  button  at  5,  the  obatrnotiou  being  released,  the  weight  A  falls  down, 
taking  or  drawing  with  it  the  wheel  a.  The  resulting  motion  cau  bn 
utilized  in  many  ways:  quickly,  as  through  a  push  with  Bram,Blonlr, 
gradually,  as  by  a  clock ;  also  in  the  running  work  of  the  telegraph, 
changing  always  according  to  supply. 

Through  winding  on  spokes,  the  mechanical  labor  can  always  be  aee- 
fully  changed.  Instead  of  lifting  a  weight  A,  one  can  also  place  an 
elastic  body,  i.  e.,  a  spring  in  a  condition  of  tension.  We  vrilt  there- 
fore name  the  produced  mechanism  tmnon  work  (Spannwerfc).  The 
crossbow  was  a  spring  tension  work ;  there  are  millions  of  spring 
tension  worku  in  practical  nse  iu  flint-locks. 

We  procure  a  third  mechanism  through  a  slight  change  of  the  mao- 
agemeut,  namely,  by  allowing  the  ratchet  that  was  previonsly  released 
to  be  again  caught.  This  then  catches  up  the  wlieel  a  and  with  it  the 
fallen  weight  A.  A  sufficiently  strong  structure  pre-snpposed,  ODecan 
also  make  the  mechanism  serve  for  catching  up  heavy  masses,  and  «e 
name  it  accordingly  catch  vork  (Fangwerke).  The  mechanisms  nsed  io 
mines  and  also  in  elevators  for  the  catching  of  the  propellers  in  caseof 
rope-break,  are  soch  catch  work.  If  one  considers  that  the  wheel  teeth 
can  be  made  so  fine  as  to  be  invisible,  whereby  the  circumference  oftbe 
wheel  a  will  be  smooth  and  the  obstructing  ratchet  simply  a  friction 
body,  the  obstruction  changes  into  a  friction  obstrnctioii,  as  one  per- 
ceives in  the  brake  of  the  railroad  train.  The  applicatioDS  of  catdk  iBork 
are  also  very  useful  and  numerous. 

A  fourth  mechanism  one  would  secure  out  of  the  groups  in  qoeetioo. 
if  one  attached,  but  on  a  moving  arm,  perhaps  a  second  similar  ratchet 
to  the  nearer  one,  fastened  to  it,  the  last  having  a  swinging  motioa. 
Through  this  motion  one  can  then,  intermittingly,  move  the  wheel  witb 
the  intention  of  lifting  the  weight,  since  the  first  ratohet^ffayscatehee 
the  wheel  when  it  begino  to  let  the  weight  sink.  The  thus  formed  and 
driven  mechanism  is  called  leap  work  (Schaltwerk).  Applicatiooa  tt 
the  same  are  known  and  many.     A  flfCh  manner  of  convenion  of  Ibe 
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groDps  resoltB,  if  oneasen  perhaps  a  narrow,  corner-BbapedBegmeutof 
a  whnel  and  forms  with  it  an  obstruction  for  the  paaaage  between  the 
potDts  1  and  2,  in  tbe  fashion,  I  will  say,  of  a  door.  Then  tbroogh  clos- 
ing the  obstmction  at  2,  the  passage  can  be  retarded  or  stopped ; 
UiroDgh  loosening,  it  will  be  opened.  We  will  name  the  mecbanism  Id 
this  form,  closing  work  (SchHesswerk).  It  exists  in  closing  doors,  win- 
dows, closets,  chests,  in  the  form  of  locks,  and  so  on  in  known  and 
iiameroas  changes.  We  see  here  the  wide  domains  of  the  lock,  which 
offers  millions,  ;es  millionfold  variations  of  closing  work, 

Tbe  sixth,  and  perhaps  from  tbe  standpoint  of  the  mechanic  the  most 
remarkable  change  of  tbe  obatmction,  is  the  checking  or  check  tcork 
(Hemmwerk),  as  we  will  say.  It  exists  if  we  set  tree  tbe  obstmction 
by  light  touches  npon  the  button  at  5  and  immediately  closing  it  again. 
If  this  occnr  regnlarl^  the  progress  of  the  wheel  a  may  serve,  among 
other  purposes,  for  tneasaring  time.  Id  clocks  this  check  work  is  largely 
osed.  Tbe  regnlar  release  of  tbe  obstrnction  takes  place  by  means  of 
SD  even-timed  body,  the  pendulum.  Yariations  of  check  work  exist 
ID  many  other  machines. 

Thas  we  see  there  are  many  examples  of  obstrvction  tcorki  [Oesperr- 
Terben),  as  we  may  call  them  collectively,  i.  e.,  works  in  which  tbe  ob- 
Btmcting  ratchet  ptays  a  part.  But  let  us  look  still  farther.  It  often 
occurs  that  obstmotion  workearecombined  and  theactionof  one  trans- 
mitted to  tbe  other.  A  fine  example  is  furnished  by  the  set-trigger  of 
target  rifles.  This  trigger  is  nothing  else  than  a  little  tension  work, 
very  easily  loosened,  in  consequence  of  which  the  firmer  held  tension 
work  of  tbe  cock  is  loosened,  one  thas  working  upon  the  other.  Snch 
a  combination  we  may  call  a  tension  work  of  a  higher  order,  or,  in  case 
of  a  similar  combining  of  obstruction  works  we  speak  of  an  obstruc- 
tion work  of  a  higher  order.  An  illnstration  is  fnrnishcd  by  tbe  mo- 
tive work  of  a  clock,  where  the  weight  and  spring  tension  work 
(Oewichts-und  Fedderspannwerk)  drives  tbe  obstrnction  work  (das 
Hemmwerk),  thus  working  in  the  second  order.  Olearly,  we  have  here 
a  principle,  for  tbe  transmission  of  motion  can  occur  between  obstruc- 
tion work  and  wheel  work,  and  so  on.  For  example,  there  is  attached 
to  the  check  work  of  the  clock  a  cog-wbeel  work  which  moves  the 
hands.  Naming  motive  works  in  general,  several  examples  of  which 
we  have  noticed  drive  icorkt  (Treibwerkeu),  the  wheel  work  of  a  clock 
must  be  a  drive  work  of  tbe  third  order,  consisting  of  tension  work, 
check  work,  and  wheel-running  work  arranged  the  one  over  the  other. 

Having  taken  so  broad  a  view  in  this  field  of  observation,  we  tarn  to 
another  quite  different  in  aspect. 

If  we  notice  oar  machines  in  practical  use  we  find  among  them  a 
number  in  which  fluidity  serves  as  force  and  motion  transmitter,  as  the 
hydraulic  press,  the  pnmp,  spouting  machines,  water  wheels,  the  tur- 
bines, etc.  But  not  only  liquid  bat  gaseous  fluids  we  similarly  convert 
into  gas  motors,  air  machines,  and  especially  into  steam-engines.   Close 
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observation  aliows  that  weliave8ubJectedantlie8ecases,iiio 
of  tlioBaitablfi  iuclosiug  of  tlie  liquids  in  cliannelti,  pipes,  aad  vessels, 
to  sacb  a  forced  way  of  motioo — I  at  one  time  proposed  to  uauu  it 
"  forced-ranning  " — tbat  they  are  able  to  work  in  mechaaifiuiB  as  do  &na 
bodies,  but  have  this  advantage  of  conforming  themselves  alwaya  to 
their  surroundings. 

If  we  iDtrodnoe  something  of  this  kind  in  our  ronniDg  work  (Fig.  1), 
replacing  the  cog  bar  by  a  stream  of  water,  then  oar  niuniug  wotfc 
becomes  a  water  wheel,  mediocre  indeed,  if  the  wat«r  is  taken  ae  the 
driving /orce.  It  becomes  a  dipping  wheel  or  spray  wheel  when  tlw 
wheel  a  is  propelling  and  the  water  b  is  the  propelled  body. 

The  practice  ia  machiaes  leads  to  the  same  thought  concerning  ob- 
struction work.  The  obstructing  ratchets  are  named  valves  when  eiUiei 
the  wheel  a  or  its  substitute — a  section  of  the  wheel,  cog  bar,  etc— 
have  been  converted  to  liquids.  The  valves  are  in  reality  iu  evei; 
way,  try  them  or  examine  them  as  we  will,  the  obstrocting  ratchets  of 
the  liquid.  One  observes  immediately  what  a  new,  great,  yes,  eva 
grand,  enlargement  has  been  gained  by  the  putting  into  use  of  these 
drive  works.  Examples  surround  ns,  I  should  say  crowd  around  n& 
Our  odmmon  water-pnmp,  with  the  butt  of  the  valves  aud  the  sucking 
valve,  ia  a  water  leap  work  prepared  exactly  iu  accordance  with  tte 
scheme  mentioned  before,  viz,  of  that  leap  work  fonnd  in  Fig.  2.  Also 
in  check  work  we  find  fluids,  liquids,  and  gates  taking  the  place  of  sn 
ascending  wheel  or  its  substitute,  as  in  water  throwing  machines  and 
not  less  in  steam-engines. 

In  fact,  regarding  these  maohiues  as  drive  works,  they  correspond  to 
clocks  which  I  have  taken  as  illustrations  of  obstrnction  works,  the 
difference  being  solely  that  in  clocks  a  harmful  resistance,  in  the  other 
machines  a  us^ul  resistance,  is  overcome.  Had  I  more  time  I  would 
prove  their  similarity  in  all  poiuts. 

The  valves,  for  instance,  often  single,  bat  sometimes  a  oombinatioD 
of  two  or  more  in  one  machine,  correspond  to  the  so-called  anchor  of 
the  clock  check  work,  to  the  eccentric  (mnscbelschieber)  of  the  steam 
engine,  the  pendulam  of  the  clock  being  represented  by  the  vibrating 
butt,  etc 

Thus  the  great  and  powerful  steam-engine  legitimately  and  vitb 
perfect  ease  falls  in  the  Itue,  taking  there  its  rightful  place.  And  so 
must  it  be  with  scientific  perception  which  will  have  to  do  with  trae^ 
logical  connection  only  (not  with  sensational),  performing  wondei& 
But  in  dealing  with  this  principle  we  must  gain  one  more  ascent  in 
order  to  attain  the  foil  theoretical  horizon.  liet  us  not  regret  the 
trifling  exertion  which  mnst  bring  abnudant  reward. 

Noting,  fcom  the  commou  standpoint,  the  sonrce  of  power  in  our 
steam-engine,  we  find  within  thu  collected  mass  of  stored-up  steam  an 
active,communicating  atom  force,  which  is  an  expansive  power  or  ten- 
sion work.    The  boiler,  too,  with  its  valves  and  contrivance  for  leUing 
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(dfateam,  is  bnt  a  teasioii  work,  differing  frum  that  previously  Dotioed 
in  that  it  lodges  in  a  physical  manuer  the  called  forth  tension,  making 
il,iBtratii,& phytical  tett»ion  work.  This  observation  curies  ue  further, 
draws  us  on,  as  it  were,  to  the  casual  connection  by  which  beat  is  oom- 
manicated  to  the  boiler  water.  This  eonuecting  link  is  the  fire,  the 
glowing,  flamiug  coal  which  gave  up  chemically,  in  combnstion,  the 
eneigy  stored  therein.  Thus  fire  is  a  chemical  tmuion  work  made 
active  tbroagh  kindling,  but  holding  latent,  if  we  consider  it  in  tbe 
form  of  coal,  a  heat  energy  stored  within  by  nature's  slow  process  dnr- 
iDg  millions  of  years  and  now  eagerly  yielded  to  our  simple  expedient. 

Thns  ve  have  our  steam-engine  complete ;  in  the  boiler  fire  a  liberated 
chemical  tension  work ;  in  tbe  boiler  itself  a  physical  tension  work 
made  active  by  the  fire ;  in  the  engine  proper,  oousistiug  of  stop-cooks, 
cflinder,and  piston-work,  a  mechanical  check  work, with  motive  power 
pnvionsly  supplied ;  coneeqnently,  as  a  whole,  a  general  drive  work  of 
tbe  third  order  whereby  we  slight  all  secondary  mechanisms  of  per- 
mitted masses. 

Bnt  if  instead  of  the  simple  steam  engine  with  its  alternate  motion 
we  consider  a  crank-engine,  we  have  attached  to  the  check  work,  in  the 
fonn  of  the  crank-motor,  a  ranniug  work,  which  we  can  and  do  nse,  iu 
thonsaods  of  forms ;  bnt  the  machine  thus  becomes  in  this,  its  most- 
ased  variety,  a  general  drive- work  of  the  fourth  order. 

Permit  me  to  call  attention  to  still  another  example  taken  from  steam 
industry  npoo  the  railroad. 

In  tbe  locomotive  just  developed  we  havo  before  ns  a  drive  work  of 
the  fourth  order.  Next  come  tbe  drive  wheels  of  the  engine  as  mn- 
niag  work,  friction- wheel  work  (Beibrader  werk),  and  joining  this  loco- 
motive the  train  gliding  over  the  rails,  a  self-moving  second  running 
woik,  making,  as  a  whole,  a  drive  work  of  the  sixtfa  order. 

Bnt  let  our  train  be  of  modem  form  and  it  will  have  a  Westinghouse 
brake.  The  reason  of  the  great  favor  iu  which  this  brake  is  held  and 
of  its  great  importance  our  theory  explains  as  follows : 

The  brake  itself  is  a  catch  work  formed  from  a  friction  obstruction 
work  which  we  formerly  set  in  motion  with  the  band. 

Now  we  manage  otherwise.  We  have  with  Westinghouse  in  the  form 
of  tbe  air  battery  on  tbe  train,  indeed  on  every  car,  a  strong,  readily- 
phued  tension  work  which  we  can  at  all  times  easily  release  through  a 
stop  cock  in  the  form  of  an  obstructing  ratchet,  which  the  brake  con- 
tnuts.  Beginning  from  above,  if  we  follow  the  brake  apparatus,  we 
bave  before  ns :  The  little  steam-engine,  a  check  work;  the  air  pressure 
pump,  a  leap  work;  the  mentioned  crank  mechanism,  a  check  work; 
aod  the  side  brake  itself,  a  catch  work  ;  together  a  drive  work  and  in- 
deed a  mechanism  of  ibo  fifth  order ;  and  if  we  add  thereto,  as  we 
mnst,  steam-boiler  and  fire,  tbe  whole  results  as  a  general  drive  work 
of  the  seventh  order.  Higher  numbers  of  orders  certainly  do  not  be- 
long to  nsnat  contrivauces. 

DcmizedbvGoOglc 


716  TECHNOLOGY   AND  CIVILIZATION. 

We  may  now  tnrn,  nitboiit  aniiet;  lest  we  sacrifice  clearneas,  t«  tlie 
side  of  the  most  modern  of  all  tecbnical  novelties,  the  electro-mecbu- 
ical.  Here  we  recognise  in  the  Galvanic  battery,  or  chain,  a  t^iemictl 
running  work f  wfaich  expression  can  well  be  conceded,  aa  it  depends  apoo 
motion  excitement,  altboagfa  it  beatomical ;  tbe  indnoed  pbysical-elec- 
trical  stream,  cbe  valves  of  which  are  tbe  obstraction  Tatobet>  (he  con- 
tact, polishing  springs,  etc.,  is  nsed  in  various  arts;  in  telegraphy  it 
works  in  leap  work  of  tbe  second  order,  provides  by  relay  for  relean 
and  making  fast  again,  and  a  mechanical  moningarrangementof  writ- 
ing work ;  i  t  results,  according  to  circnmstances,  fVom  tiie  thifd  to  the 
fonrtb  order. 

Tbe  nsnal  sonnd-contrivances  of  the  railroad  work  in  tbe  fifth  order, 
chemically  in  cnrrent  prodacers,  physically  leaping  in  the  anchor  pnli- 
ing  throngb  which  a  mechanical  tension  work,  th»t  is  one  bent  by  tbe 
band,  is  released ;  the  same  drives  a  check  work  which  again  the  litlle 
hammer  tension  work  (Hammerspannwerke)  springs,  makes  tant,  and 
then  releases. 

Among  chemical  drive  work,  we  notice  that  the  tension  works  take 
s  prominent  place.  Those  placed  here  will  be  of  tbe  number  bo  artis- 
tically prepared  by  chemists  that  they  give  up  tbeir  tension,  or  expan- 
sive force,  slowly  or  rapidly.  Oanpowder  is  tbe  most  powerfol  tensiiai 
work,  which  tbe  oaturisticsl  groping  Middle  Age  set  in  the  place  of  tbe 
mechanical  tension  work  stretched  by  the  hand  of  man  out  of  netting, 
bows,  and  sinews  in  large  and  small  throwing  machines.  Tbe  purpose 
remaining  exactly  the  same,  the  kind  of  tension  work  was  changed. 
The  fose  releasing  the  new  tension  work  was  in  itself  a  slow  mnniog, 
chemical  tension  work,  entirely  separated  from  the  larger.  Lat«r  ve 
got  so  far  as  to  take  the  two  together  in  a  single  contrivance,  at  first 
in  flint-locks,  then  in  percussion  locks.  There  one  entered  the  third 
order.  The  percussion  cap,  a  chemical  tension  work  rather  easily  liber- 
ated, is  set  free  by  a  mechanical  tension  work  attached  to  the  guncock. 
The  ball  is  thrown  by  a  tension  work  of  tbe  third  order,  as  ocenrs  in 
tbe  set-trigger  in  the  fonrtb  order. 

Allow  me  to  say  a  word  concerning  a  petty  example,  the  match.  Not 
two  generations  have  we  possessed  it,  and  previous  to  this  brief  period 
we  manganists,  in  point  of  fire  kindling,  were  very  nearly  on  a  par  «itfa 
tbe  lowest  naturists. 

In  a  natural  state,  as  we  know,  people,  through  laboriously  acquired 
skill,  kindle  a  fire  by  rubbing  together  two  pieces  of  wood;  in  other 
words,  they  set  free  that  tension  work,  beat.  Tbe  old  Greeks  used  for 
tbe  purpose  the  pyreion,  tbe  under  piece  of  which,  called  tbe  eschan, 
contained  a  bore,  in  which  the  rubbing  piece,  the  trypanou  or  bonr,  ; 
was  inserted  and  then  turned  by  twisting  tbe  hands. 

Ought  not  in  some  bidden  corner  of  the  Grecian  mountains  tbe  pyr- 
eion still  to  be  found  T    It  wonid  be  very  serviceable  to  bring  it  to  ligbk 

Tbe  little  firecbests  coutaining flint, steel,  tinder,and  tbzeada dipped 
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in  Bulphor,  which  in  my  earliest  childhood  I  sav  ased  Id  my  home,  are 
eiampleB  which  have  kept  their  places  ia  spite  of  the  all-coDqaering 
natch ;  it  woald  be  well  to  have  specimeos  of  these  preserved  iu  ethno- 
graphical maseums. 

later  came  steel  and  flint,  a  physical  teusiOD  work  used  for  itsel£ 
With  their  help  ooe  kindled — and  many  still  do  it  to-day — the  tinder, 
an  Kisilj  freed  teusion  work,  especially  prepared  for  the  purpose  and 
voDsisting  at  that  time  of  bnrot  lineu. 

On  the  tinder  as  soon  as  it  glimmered,  was  set  free  a  chemical  tea* 
sion  work  rather  difficult  to  release,  the  thread  dipped  in  sniphar,  aud 
fiually  with  this,  a  tbia  piece  of  wood,  bub  not  for  a  time  a  coaL  For 
the  kindling  of  the  wood  alone  one  ased,  in  succession,  four  distioct 
tengioti  works,  one  physical,  stone  and  steel,  aud  three  chemical,  tinder, 
sulphnr,  and  wood. 

We  now  see  the  match  fully  iu  the  domain  of  the  former  developed 
principle.  The  little  important  fire  tool  was  made  by  combiufng  three, 
but  soon  after  four  tension  works,  and  is  a  chemical  tension  work  of  the 
fourth  order,  formed  from  the  tension  works  phosphorons,  chloracid 
kali,  sulphur,  and  wood.  For  the  sulphur,  as  is  known,  was  later  sub- 
slitnted  in  many  ways  wax  or  paraffine.  But  the  principle  is  very 
plainly  recognized ;  each  one  of  t!!e  tension  works  following  one  upon 
another,  is  more  difBcult  to  set  free  than  its  predecessor,  but  was  freed 
definitely,  and  then  through  a  very  easy  mechanical  action  upon  the 
little  tension  work  most  highly  sensitive,  the  hair-trigger,  brought  about 
the  deliverance,  as  it  wore,  of  each  of  the  four  obstructions  which  had 
caoBod  sach  trouble,  demanding  the  entire  force  of  one  and  frequently 
of  two  men.  That  the  combination  of  the  four  tension  works  was  so 
recently  attained  proves  that  the  fundamental  principle  of  the  train  of 
thought  mast  have  been  quite  diffivult. 

We  have  now,  at  last,  the  wanganistical  principle  fully  before  us,  in  a 
commou  form  as  well  as  in  the  greatest,  the  examples  embracing  tbe 
most  powerful  forces,  dowa  to  the  fiuest  and  smallest,  and  we  can  de- 
clare tbat  the  method  consists :  In  the  cultivation  depending  upon  a  set- 
ettijic  knowledge  of  the  laws  of  nature,  and  the  rerutting  higher  orders, 
md  tkote  standing  aide  by  aide,  of  mechanical,  physical,  and  chemical  drive 
Kork. 

If  tbe  foregoing  is  developed  essentially  with  a  consideration  of  me- 
dianical  technical  aims,  it  permits  itself  to  turn  without  any  compnl- 
Bioo  npou  the  precedency  of  chemical  technology  aud  may,  therefore, 
be  found  to  embrace  in  itself  the  entire  problem.  One  has  only,  for  ex- 
ample, to  think  of  a  chemical  manufactory,  ete.,  and  bow  sulphuric  acid 
eaters  as  a  physical  and  mechanical  medium  in  the  colors.  As  in  tbe 
above  both  of  the  others  are  side  by  side  with  tbe  mechanical. 

From  tbe  staudpoiut  now  gained,  if  we  again  consider  scientific  tech- 
nology, we  sfaall  see  how  its  results  are  closely  bound  with  our  life 
habits,  iudeed,  with  our  entire  cnlture.    We  may  overlook  the  ftict  that 
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we  are  directly  sarronnded  id  oar  dwellings  by  thonsaodB  of  obitnie- 
lion  works  wliicb  have  made  our  rooms  safe,  comfortable,  and  oodtcs- 
ient  for  light,  air,  aud  warmth.  We  may  overlook  this  bacanse  natu- 
istical  labor  is  able  to  produce  similar,  althongh  leas  perfect,  reeoHs. 
Bnt  let  OS  uotioe  other  things  whereby  our  dwellinge  hare  recMved  Uteit 
character.  There  is  the  gas-light  in  the  house,  on  the  street,  in  the 
public  building.  We  may  thank  for  it  a  chemical  tension  work  of  tlie 
fonrth  order — fire,  retort,  gasometer,  conduction  by  stop-cocks,  pasdng 
by  all  intermediate  works — all  of  them  important,  all  ramii^ing  tbroogii 
the  city  pipes.  The  water  for  house  and  street  necessity,  when  ubeo 
from  a  river-water  oonduit,  furnishes  a  drive  work  of  at  least  the  siitli 
order.  Upon  the  railroad  we  move  by  drive  work  of  a  higher  ord«r, 
regulate  the  powerful  service  with  another,  by  means  of  drive  wwk« 
permit  freight  to  be  carried  on  the  rails  from  place  to  place,  from  land 
to  land,  from  one  part  of  the  earth  to  another,  a  thoueand-fohl  more  than 
a  person  could  carry.  Throughout  the  earth  by  means  of  physical  drive 
work  we  have  the  messenger  service,  both  written  and  spoken. 

How  fare  we  in  war  T  In  millions  of  chemical  tension  works,  laife 
and  small,  generally  of  higher  order,  we  carry  the  driving  force  to  the 
distant  battlefield  and  there  set  it  free  by  means  of  a  bigb  order  of  drive 
works. 

Upon  the  ocean  we  are  carried  hundreds  of  miles  from  land,  fi>r  weeka 
aud  months,  by  means  of  tension-work  activity. 

Bich  prodactions,  such  as  coal,  we  have  gained  from  nature.  The 
naturistical  man  early  found  upon  the  bigb  moantain  range  the  water 
course,  that  running  work  subordinated  to  tension  work,  and  v«7 
likely  tlie  future  will  bring  to  light  other  products,  such  as  petroleum, 
which  we  may  say  was  discovered  three  decades  ago.  This  productts  » 
highly  elastic  chemical  tension  work  fltt«d  to  play  its  part  onderaclear 
Same.  In  reality  it  is  a  oombination  of  two  or  more  chemiciU  tensiou 
works,  each  nnder  such  slight  restraint  as  to  free  itself  invisibly. 

We  had,  therefore,  to  submit  this  product  of  nature  to  a  process  of 
separation,  according  to  the  manganiatical  principle,  into  groups  of 
small  parts  easily  liberated  and  on  which  the  tension  work  was  flnt 
transmissible  and  generally  applicable.  Police  directions  reqairad 
that  if  the  product  were  made  an  article  of  trade  the  obstruction  (sper- 
rnng)  should  be  a  safe  one;  but  how  fitvorable  has  been  the  result. 
This  fluid  tension  work  discovered,  as  it  were,  "ready  made  "in  nature 
for  purposes  of  illumination,  has  displaced  those  products  whicb,  by 
the  aid  of  noticeable  manganistical  implements  bad  previously  beeo 
obtained  ttom  the  seeds  of  plants.  Let  us  turn  to  another  phase  of 
tension  work.  The  conflagration  is  but  an  invisible  liberating  of  a  chem- 
ical, tension  work,  as  is  well  proved.  The  obstruction  ratchet  is  raised  in 
opposition  to  our  will  with  ever-increasing  rapidity  and  the  poverfnl, 
liberatc<1  tension  work  often  overleaps  our  control,  but  we  bring  to  beir 
upon  it  for  the  purpose  of  its  capture,  another  drive  work,  foroerif 
operated  by  main  strength  only,  but  now  usually  by  chemical  teniiM- 
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work  under  tbe  applicatioD  of  drive  workH  of  a  still  higher  order.  Wo 
also  tarn  a  chemical  tension  work,  the  gas  or  chemical  engine,  as  the 
Americans  call  lt>  which  acts  iustantaneoasly  apoo  the  water  being  nsed. 
Id  the  last  case  the  drive  work  connected  with  the  water  Is  of  a  very 
bw  order;  this  famishes  an  example  of  the  maooer  in  which  drive 
works  contest  for  the  same  intended  motion  and  seek  each  to  gain  for 
itself  the  palm  in  lessening  tbe  nnmber  of  drive  works,  that  is,  the 
height  of  tbe  order  number.  Everywhere  it  is  the  manganistical 
tbonght,  the  manganistical  priociple  whereby  we  in  part  preserve,  in 
part  make  easier,  in  part  defend  our  life,  and  whereby  wo  also  advance 
annihilatingly  against  others. 

Oar  indastries,  finally,  which  prodnce  as  well  the  necessities  as  the 
manganistical  mechanisms,  what  have  they  not  brought  abont  for  cul- 
ture ailvancementby  means  of  this  same  manganistical  principle  I  Here 
let  na  venture  a  litUe  nearer  by  attempting  to  apply  a  measure. 

Coalservesnsasanessentialassistantin  manganistical  labor.  Thisis 
now  obtained  in  an  abnadaoce  of  over  400,000,000  tons,  tbe  greater  part 
annually  converted  to  indnstrial  purposes.  Thesnrplnsabove400,000,000 
lADB  snfficea  to  cover  heating  necessities.  So  we  have  for  each  of  the 
300  working  days  of  the  year  one  and  one-third  million  tons  of  coal, 
whiisb  are  nsed  for  chemical,  mechanical,  and  physical-technical  pur- 
poses. If  we  sum  up  the  entire  labor  arriTe<l  at  therewith  for  the  sake 
of  the  Burve;  of  dynamical  execntioo,  the  results  under  this  acceptation 
of  nses  of  coal  show  1^  kilograms  for  horse-power  in  a  working  day  of 
12  hoars,  i.  e.,  4^  tons  per  hour  during  the  year,  together  with  the  horse. 
A  horse-power,  in  round  nambers,  of  90,00i},000,  statistical  nnmbers  and 
taxes,  in  fact,  wonld  in  dynamics  yield  20,000,000.  For  every  horse- 
power must  be  reckoned  the  working  force  of  six  strong  men,  which 
results  in  540,000,000  active  man-power  during  a  day  of  12  hoars.  It 
is  this  powerful  executive  force  which  the  250,000,000  of  Atlantic  na- 
tions entirely  alone  {since  the  other  1,260,000,000  of  natnrista  have 
added  nothing  to  it)  have  accomplished  by  man  through  tbe  mangan- 
istical principle!  When  we  consider  tliat  every  tenth  one  of  the 
1,250,000,000  men  exerts  daily  such  labor  as  before  contemplated,  prob- 
ably a  much  too  high  estimate,  there  results  an  execution  of  125,000,000 
man-power.  We  Atlantic  peoples,  a  sixth  of  the  earth's  inhabitants, 
perform  by  our  manganistic  labor  more  than  four  times  as  much  as 
those  can  execute.  The  superiority  of  tbe  nianganist  over  the  natnrist 
is  attained  and  reimbursed  throngh  useful  lalmr,  and  thereby  also 
reaches,  taken  only  humanly,  ite  right.  This  so  much  the  more  as  oar 
labor  execntion  is  transmitted  to  each  of  them.  I  speak  of  the  great, 
entire  development,  and  not  perhaps  of  its  still  existing  deflciencies,  to 
the  extension  and  under  the  extension  of  cnlture  and  civilization. 

So,  then,  has  scientific  technology  become  the  bearer  of  culture,  the 
poverful,  tireless  laborer  in  the  service  of  civilization  and  cultivation 
of  the  races  of  men,  and  promises  for  a  long  future  to  add  a  line  of 
^r«at«r  reanlte  than  is  at  present  attained.  CtOC^qIc 
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THE  BAMSDEK  DIVIDING  ENGINE." 


By  J.  Elpbeih  Watkins,  Curator,  Section  of  Transportation   and 
Engineering,  U.  S.  National  Mnaenm. 


The  circle  is  a  flgnre  tbat  has  always  been  foand  in  natnre. 

Altboogh  thia  simple  geometrical  figure  bas  been  used  in  ioscrip- 
tioDa  and  for  decoration  from  time  immemorial,  I  have  been  able  to  dis- 
cover only  one  very  early  reference  to  a  pair  of  compasses,  or  dividers. 

InreferriDgto  the  graven  images,  the  worship  of  which  was  forbid- 
den by  the  Jewish  law,  the  Prophet  Isaiah,  in  chapter  44,  verses  12, 13, 
old  version,  deseribes  the  manner  in  which  these  idols  were  constracted, 
ag  follows : 

"  The  smith  with  the  tongs  both  worketh  in  the  coals  and  fashioneth 
it  with  hammers  •  -  -."  "  The  carpenter  streUbetb  ont  his  rule ; 
be  niarketb  it  ont  with  a  line ;  he  Stcetb  it  with  planes  and  he  marketh 
it  ont  with  a  compass  and  maketh  it  after  the  figure  of  man." 

In  the  revised  version  the  phrase  i»  translated — 

"The  carpenter  stretcbeth  out  a  line ;  he  marketh  it  ont  with  a  |>eD- 
cil ;  he  shapeth  it  with  planes  and  be  marketh  it  out  with  the  com- 
paases  and  sbapetb  it  after  the  figure  of  a  man." 

The  Hebrew  word  which  is  here  translated  "compass"  or  "com- 
passese,"  is  mehugah,  from  hug,  a  circle — mehug  something  to  make  a 
circle. 

There  can,  therefore,  be  little  doubt  that  an  instrument  for  drawing 
circles  and  probably  »imilar  to  what  is  now  known  as  the  '*  compasses  " 
vas  used  by  the  Hebrew  mechanics.  Even  if  we  accept  the  theory  of  a 
deat«ro  Isiiiah,  this  instrument  can  certainly  claim  the  respectable  an- 
tiqnity  of  the  aisth  century  B.  c. 

The  circle  was  associated  with  the  measurement  of  time  and  the  ob- 
servation of  the  positions  of  the  heavenly  bodies  many  centuries  befbre 
tbe  Christian  era. 

THE  SUN-DIAL  AND  GNOMON. 

The  sun-dial  of  Ahaz,  is  thus  alluded  to  in  Isaiah,  chapter  38,  verse  8, 
old  version,  "  Behold,  I  will  bring  again  the  shadow  of  tbe  degrees, 
which  is  gone  down  in  the  snn-dial  of  Ahaz,  ten  degrees  backward.  So 
the  sun  returned  ten  degrees  by  which  degrees  it  was  gone  down." 

*  Deposited  in  the  U.  S.  NAtiooal  UaMiiiu  hj  Dr.  Henry  Hortou,  prMid«nt,  Stereaa 
InatitDt«  of  Technology,  Hoboken,  N«w  Jersey.  CtL^OqIc 
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By  recent  Biblical  criticfi*  this  dial  is  supposed  to  have  been  an  obelisk, 
whose  shadow  fell  opoo  the  steps  of  the  palace  of  Ahaz,  each  stepbcbf 
called  a  degree. 

It  is  b;  110  means  improbable  however  that  these  degrees  vere 
marked  on  a  plaue  of  stone  or  metal. 

The  simple  records  made  by  the  Chaldean  shepherds  and  heidsmeD 
of  the  observations  by  which  they  determined  the  seasouR  and  by  wbich 
tbey  were  governed  in  the  different  operations  of  husbandry,  led  tbe 
early  cultivators  of  science  to  devise  iDstramente  (doabtless  crude  in  the 
begJDDiug)  by  wbich  tbey  could  obtain  data  for  more  accurately  asicr- 
taining  the  lengths  of  the  solar  and  lunar  periods. 

Astrology  and  astronomy  bore  the  closest  relationship  to  each  other 
at  that  remote  period. 

"In  the  valley  of  the  Euphrates  there  were  in  those  days  obsem- 
toriesf  in  most  of  the  large  cities,  and  professional  astronomere  i^- 
larly  took  observations  of  the  heavens,  copies  of  which  were  sent  to 
the  king,  as  each  movement  or  appearance  in  the  heaven  was  soppoeed 
to  portend  some  evil  or  good  to  the  kingdom." 

Among  the  first  instrnments  of  which  there  is  record  is  tbegnomoDj 
with  which  the  Babylonians  were  familiar,and  from  whom  Herodotoi 
states  (II,  109)  "  the  Greeks  learned  the  nse  of  it,  together  with  the 
pole."  The  comparison  of  theperpendioularheigbtof  thegnomon,«ith 
the  length  of  its  meridiao  shadow  projected  on  a  horizontal  pluie  oo 
tbe  days  of  the  summer  and  winter  solstices,  affordt^  the  early  sstrog- 
omer  an  op{)oftanity  to  calculate  the  ditEurenoe  of  the  sun's  meridian 
altitudes  on  those  days. 

ANOIBKT  ASTB0LABE8. 

Ptolemy,  in  bis  "Almagest,"  written  145  A.  d.,  describes  an  ostrolsbt 
or  circular  instrument  for  making  celestial  observations  (wbich  he  calls 
aitTpoXaZir.ov  opj-arnv)  which  consisted  of  a  heavy  circle  of  metal  arrsoge<i 
80  that  when  it  was  suspended  tbe  divisions  which  we  now  callO°  BDd 
180°  would  come  to  rest  in  the  same  horizontal  plane. 

A  diametrical  bar  suspended  in  the  center  of  the  circle  and  taming 
on  a  piu  was  furnished  with  disks  containing  slits  throngh  which  mj 
heavenly  body  could  be  seen  and  its  altitude  determined  in  degieesor 
parts  thereof. 

Other  astrolabes  were  coostracted  in  enrly  times,  consisting  of  tvo 
graduated  circles  set  exactly  at  right  angles. 

■Compare  leainh  3d:  8,  revised  version;  "I  will  caase  thesliadow  on  Uie  ft«|». 
wbich  is  gone  down  on  tbe  dial  of  Ahaz  with  tbe  snn,  to  return  iMkckward  Un  i(^ 
BO  tbo  BDD  returned  tea  steps  od  tbe  dial  whereon  it  was  gODS  down." 

\  George  Smith,  "Assyrian  Diacoveriee,"  p.  408. 

t  Vitravius,  who  wrote  in  the  fint  centory  b.  C,  gires  in  Book  i,  obap.  6*  diicr- 
tions  for  using  the  gnomon  to  a«certaiu  tbe  uortb  and  Bontb  lioo  in  laying  oat  ih 
streets  of  a  city,  thns  inilicating  tbat  (be  Romaus  were  not  AmiliftT  with  tbe  msgDcW 
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BABYLONIAN  SYSTEM   OP  DITIDING  THE  OIKCLB. 

In  a  paper  upon  "Babylonian  AstroDomy,"  by  Sayce  and  Bosanquet 
{Monthly  Noticea  Rogal  Astronomical  Societ]/,  1880,  vol.  XL,  No.  3, ),  relat- 
ing to  the  tablets  of  the  milleunial  period,  fiom  2,000  B.  o.  to  1,000  B.  c, 
I  &nd  thia  statement:  "The  divisions  which  we  find  employed  are  8, 
12, 120, 240,  480  parts.  It  has  been  assnmed  that  the  division  of  the 
circle  into  360  parts  was  made  by  this  ancient  people.  There  is  how- 
ever no  aathority  in  the  inscriptioDS  for  this  assnmption.  It  seems  to 
bave  been  derived  origiually  ftom  Achilles  Tatios,  and  the  pre-con- 
ceived  idea  thna  incrodaoed  appears  to  have  cansed  even  those  most 
coQversaut  with  the  inscriptions  to  see  the  divisions  of  the  circle  iuto 
360  in  matters  which  do  not  involve  it. 

TSF,    MODEBN    DIVISION    AN    OUTOBOWTH    OP    THE    SEXAGESIMAL 
SYSTEM. 

"  It  is  hardly  doabtfnl  that  the  division  of  the  circle  aa  practiced  by 
Ptolemy  and  in  modern  times  was  an  outf^rowth  of  the  sexagesimal 
Bjrstem,  bat  the  latter  does  not  contain  the  former.  The  numeration  of 
the  inscriptions  is  by  two  methods,  the  sexagesimal  and  the  decimal. 

"  The  decimal  method  is  in  all  respects  comparable  with  our  own  and 
Via  nsed  by  preference  in  the  Assyrian  period. 

"  In  it  words  and  signs  were  need  which  were  precisely  equivalent  to 
oar  "  hnndrede"  and  "  thouaaods." 

"In  the  sexagesimal  method  the  reckoning  was  the  same  as  in  the 
decimal  op  to  60;  60  was  1  boss.  The  conntiug  went  on  by  multiples  of 
60  -I-  namber  over,  op  to  1  iier  a  600,  Then  by  uers  +  Bosses  +  num- 
ber over,  np  to  1  saru  =  3,000. 

"The  nnmbers  used  are  always  taken  in  this  way.  There  is  no  in- 
stance of  counting  by  CO,  360,  3,600.  The  foundation  of  the  number 
360  was  not,  therefore,  a  natural  step  in  the  sexagesimal  arithmetic  of 
the  inscriptions. 

TABLET  FBOU  THE  PALACE  OP  SEHNAOHEBIB. 

"  The  division  of  the  circle  into  480  parts  is  illustrated  by  a  tablet 
from  the  palace  of  Sennacherib  (068-626  B.  o.)  in  the  British  Museum, 
written  in  Aocadian,  which  treats  of  the  moon's  position  during  a 
month.  The  nnmbers  of  them  or  many  of  them  are  unintelligible  or  cor- 
rupt. This  is  partly  due  to  the  fact  that  the  tablet  is  a  copy  of  an  ancient 
one,  probably  the  date  before  2,000  b.  g.;  bnt  there  is  amply  sufficient 
left  to  show  that  there  was  a  real  division  of  480  parts,  the  moon's 
mean  daily  motion  being  16°,  as  it  should  be  roughly,  throughout  the 
intelligible  portions." 
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The  oambers  of  tb«  tablet  are  aa  follows : 

[Tbflword  ''d«|{re(a"iiiuedlanpnHntthaDnlti«f  tbedUiakui  of  MO.) 


D»y  of  the  Boon. 

Uooa  - 

D.y  of  tba  uo». 

llooaadnBoM. 

: 

w 

128 
180 

.«-        .. 

M 

33 

. 

11  1           n 

„, 



t  Ths  tbirtiath  da;  tb«  taaoa  is  ths  (od  Ann 

S.  162. 

OBVERSE 


ii  bxoomei  obsoan  and  nlngndo* 


Fl^.  1.— BaBTUmius  Plaaibphsu. 
PBAGHENT  OF  PLAKISPBERB   IN  THE  BSITISH  MUSBUH. 

Figure  1  representa  a  small  fragmeut  of  a  plaoiaphere  in  the  British 
Museum  {S.  16:1].    Iteontaina  twoooDipartments,  eaobof  wbiobiscbar- 
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acterized  by  the  Dame  of  a  month.  The  month  MarchesvaD  is  the 
eigbtb  aad  Oislev  the  uioth.  The  arcs  have  at  their  left-hand  corners 
the  nnmbers  shown.  (This  is  a  "sky  aspect"  A  "globe  aspect"  would 
be  the  reTerse.) 

"This  remarkable  fragment  is  sufficient  to  determine  the  following 
table,  in  wbicli  the  jear  is  supposed  to  be  divided  into  12  mean  months: 


"To  compare  the  longitudes  of  the  planisphere  with  our  own  we  have 
tbe  following  table,  taking  the  numbers  of  the  inner  circle,  t.  e.,  the 
diTirionof  120: 


360°.  rcckoDsd  pi»- 


Chin 
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The  late  George  Smith  proposed  to  read  150  for  140,  aud  75  for  70.* 
Sayce  and  Bosauqnet  assert  that  "There  is  do  fouudation  for  this,  ei- 
cept  the  pre-couceived  idea  that  the  circle  ought  to  be  divided  iDto390°. 
The  Dumbers  are  imprinted  od  the  clay  with  great  clearoess  accoiding 
to  the  aexagesimal  notation.''    {Montklg  NoHeea,  S.  A.  8.,  18S0.) 

SEASONS  FOR  DIVIDING  THE  CIRCLE  INTO  3G0  DEGREES. 

On  the  other  hand,  we  have  the  genet»lly  accepted  statement  Ibit 
the  Egyptians  divided  the  circle  into  360°  from  the  snn's  annual  coane 
01  according  to  the  number  of  days,  dividing  the  year  into  13  moDths, 
and  each  month  into  30  days  and  allotting  l^^  to  each  day  withaDiDtei- 
calary  month  every  6  years. 

The  Greeks  divided  each  month  into  three  periods  of  ten  days  each. 

It  will  be  remembered  that  the  Jewish  year  contained  only  354  dafB. 

It  is  not  definitely  known  how  the  astrolabes  of  Hipparcbns  (second 
century  B.  o.)  and  Ptolemy  (second  ceutary  A.  D.)  were  divided;  prob- 
ably these  gradaat«d  circles  contained  360°.  It  is  stated  that  the  pu- 
aUactical  instrnment  nsed  by  Copernicus  (1473-1543),  aud  by  vhicb  be 
measared  altitudes,  had  its  limb  divided  by  equal  divisions  that  wen 
the  snbteosea  of  3'  49".137  eacb.  If  an  error  of  only  4".l  wasuuuleiD 
meaaurini;  this  instrument,  and  if  3'.45"  was  the  correct  reading  it 
would  indicate  that  each  quarter  of  the  circle  was  divided  into  1,44(V 
or  each  sixth  of  the  circle  into  900  equal  parts. 

Many  writers  believe  that  the  number  360  was  selected  &om  t^efact 
that  it  admits  of  a  great  many  aliquot  parts,  aaeb  as  2,  3,  4,  6, 6,  S, 
and  9. 

It  has  occurred  to  me  as  not  an  aoreasonable  conjecture  tiiat  the 
origin  of  the  sexagesimal  system  may  have  reaalted  in  some  way  from 
the  fact  that  the  circumference  of  the  circle  is  divided  in  to  six  equal  parte 
by  chords  exactly  equal  to  the  radius  in  length.  I  do  not  remember  to 
have  seen  this  theory  advauced  by  any  previous  writer. 

The  earliest  recordsindicatethateaohday  was  divided  into  six  partt. 

lu  a  recent  paper  on  "  Ohaldean  Astronomy,"  by  Dr.  ChriBtophtf 
Johusou,  of  Johus  Hopkins  University  (p.  141),  he  asserts  that  "in  At 
earliest  tablets  the  day  is  divided  (at  least  for  astronomical  porpoaM) 
into  six  watches — three  day  watches  and  three  night  watches."  "In 
the  later  tablets,  however,  we  dud  a  division  of  the  day  into  12  fcaspa 
or  doable  hours,  each  kaepu  being  divided  into  60  degrees  or  minutes.' 

There  is  mention  of  an  inscription  on  a  tablet  in  "  Western  Aaifctie 
Inscriptions"  (published  by  the  British  Museum,  in  51, 1),  a  translation 
of  which  reads:  "The  sixth  day  of  Nisan,  day  and  the  night  vw 
balanced  there  were  6  kaspa  of  day  and  6  kaspu  of  night." 

*  "I  Binof  opinion  that  the  nunil>ecH  under  (be  month  of  HsrcUnivan,  H{)°aiid7l^' 
are  errors  iii  the  Aaajrian  copy  aud  should  be  150^  and  75°."  (George  Smith's  "AMI- 
riau  Discoveriee,"  p.  407.) 
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DECIMAL  DITISIOH  OF  THB  OIBCLE  ADTOOATBD    IN  TDE  SIXTEENTH. 
OBHTUEY. 

Whatever  may  have  been  the  orieia  of  the  divieioD  of  tbe  circle 
Into  360^  tbe  system  bas  been  coDdemoed  ftvm  time  to  time  by  many 
emineut  matbematicians,  among  tbem  Sterinaa  (131ti-1620),  who,  in 
hiB  ■■  Cosmography"  (lib.  i,  def.  6),  states  that  "  tbe  decimal  divittion 
of  the  circle  (which  he  contends  for)  prevailed  in  Stecuto  aapienti."* 

Henry  Briggs  (1656-1630),  Ongbtred  (1574-1660),  and  Sir  Isaac 
Newton  (1642-1727)  constructed  large  tables  of  sines,  the  plan  being  to 
divide  each  degree  into  100  miuntes  of  100  seconds  each. 

Dr.  Charles  Hutton,  in  the  early  part  of  this  century,  published 
extensive  tables  giving  real  lengths  of  arcs  of  various  decimal  degrees 
ID  terms  of  the  radias.  Some  of  the  French  matbematicianB  divided 
tbe  qnadrant  into  100  degrees  and  then  into  decimals  of  degrees.  Wil- 
liam Grabtree,  Gascoigne,f  and  Jeremiah  Horrooks  $  (1619-1641)  pro- 
jected tables  with  complete  decimal  divisions,  the  whole  arc  of  the 
cirole  being  divided  into  1,000,000  parts.  (Philoeopbioal  Iransaclaons, 
voL  xxvn,  p.  230.) 

DECIMAL  SYSTEM  FREQUENTLY   USED  BY  THE  HEBREWS. 

I  have  taken  some  pains  to  And,  if  possible,  some  trace  of  the  employ- 
ment of  a  sexagesimal  numerical  system  by  the  Hebrews  in  tbe  meas- 
□rement  of  straight  lines. 

In  the  description  of  the  city  and  temple  seen  by  Ezekiel  in  his  vision 
and  describetl  iu  the  fortieth  and  forty -second  chapters,  tbe  measuring 
reed  (qana)  §  of  6  great  cubits,  corresponding  somewhat  with  onr  10-foot 
rod,  is  mentioned  in  ten  places. 

The  decimal  system  however  was  more  frequently  used  than  the  sexa- 
gesimal in  noting  tbe  dimensions  of  the  walls  and  courts  described  in 
these  chapters.  Thus  tbe  number  500  is  found  three  times,  100  eleven 
times,  90  one  time,  TO  one  time,  60  one  time,  50  nine  times,  30  two  times, 
35  five  times,  20  six  times,  10  three  times,  5  seven  times.  It  would  seem 
reasonable  to  assume  that  in  describing  an  imaginary  structure  tbe 

*  The  decimal  method  is  id  all  Te3|>ecte  comparable  witb  oar  owd  and  was  used  liy 
prafersDCfl  in  the  AssftiBn  period.  In  It  -words  and  signs  wet«  nsed  wliicb  were  pre- 
einljeqnivalent  to  oar  "  linadreda  "  and  "tboumnds."  (Sayoeaud  Btnanquet,  vol. 
40,  MonAlji  Nalieei,  Boyal  Jttroiuviieal  Soeietg.) 

t  Qascoigne  is  said  to  have  invented  a  miorometer  abont  1640. 

t  Borrocka  olMerved  the  first  traosit  of  Venns  that  was  oarofaUy  Dotieed  NoTemher 
24,  o.  s.  1639,  that  predicted  b;  Kepler  in  1631  being  invisible  io  Earope. 

i  Ezekiel  40 :  3,  Kviaed  version :  "  And  be  broaght  me  thither,  and  behold  there 
was  a  man,  whose  appearance  was  like  the  appearance  of  brass,  with  a  line  of  flaz  in 
his  hand,  and  a  measDring  reed."  Same  chapter,  verse  5:  "And  behold,  a  wall  on  the 
ontaideof  the  hoosemnndaboDt,  and  in  the  man's  hand  a  measuring  reed  of  6  oabita 
laojtof  acabitaodaQhandbTeadtheach;  sohemeasored  the  tbiokoess  of  the  building 
ODsreed;  and  the  height  one  reed." 
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dimensions  givea  would  be  according  to  the  metbod  of  enameratioD  in 
general  use. 

In  noting  tneaanremeuts  of  length  in  other  portions  of  the  Scrip- 
tares  three-score  is  osed  three  times : 

1  Kings,  6:2:  *<And  the  honse  which  King  Solomon  bailt  for  the 
Lord,  the  length  thereof  was  three-score  cubits,  and  the  breadth  thereof 
twenty  cabits,  and  the  height  thereof  thirty  cubits." 

Ezra,  6:3 :  "  Let  the  house  be  bntlded,  the  place  where  they  offer  su- 
lifices,  and  let  the  foundations  tliereof  be  strongly  laid ;  the  heigbt 
thereof  three-score  cnbite,  and  the  breadth  thereof  three-score  cnbita." 

Daniel,  3:1:  <' Nebuchadnezzar  the  king  made  au  image  of  gold, 
whose  height  was  three-score  cubits,  and  the  breadth  thereof  six  cubits" 

The  numbers  6  and  12  are  used  elsewhere  as  follows: 

Ezebicl,  11:1,  revised  version:  "And  he  brought  me  to  the  temple, 
and  measnred  the  poets,  six  cubits  broad  on  the  one  side  and  six  oobite 
broad  on  the  other  aide,  which  was  the  breadth  of  the  tabernacle." 

Ezekiel,  43.16,  revised  version:  "And  the  altar  hearth  shall  be 
twelve  cubits  long  by  twelve  broad,  sqnaro  in  the  foar  sides  thereof-* 

METHODS  OF  DIYIDIHG  THE  CIELB  BY  HAND. 

The  most  ancient  figure  with  graduated  divisions  of  a  circle  dis- 
covered in  England,  was  a  quadrant,  marked  with  Boman  characters, 
which  was  found  on  a  chimney  piece  at  Helmdon,  in  Northampton- 
shire, with  the  date  M°t33  [meaning  A.  D.  1133)  marked  upon  iU 

Different  methods  of  dividing  a  metallic  or  wooden  circle  into  degreee 
and  their  snbdivisons  were  successfully  practiced  by  the  early  aatrono- 
mers,  notably  by  Tycho  Brahe'  (1546-1601),  of  Sweden;  Johann 
Heveliust  (1011-1687),  of  Dantzie,  in  Poland;  Dr.  Robert  Hooke(l635- 
170)),  while  curator  of  experiments  of  the  Royal  Society ;  Ote  Boeoier 
(1644-1710),  the  Danish  astronomer,  of  whom  it  is  said  that  he  may  be 
considered  '*  the  inventor  of  nearly  all  our  modem  instruments  of  pre- 
cision," and  many  of  whose  ideas  were  adopted  by  astronomers  a  cen- 
tury later. 

In  attempting  to  engrave  and  divide  correctly  the  circles  used  fot 
mathematical  purposes,  all  of  these  early  laborers  in  th$  field  of  scieoce 
were  compelled  to  depend  entirely  upon  manual  skill.  •' 

The  first  notable  example  of  the  division  of  cireular  arcs  of  vbicb 
I  have  found  record  is  the  mural  arc,  of  8  feet  radius,  which  George 
Graham  graduated  for  the  English  National  Observatory  in  1725.    Tbe 

■  An  olflctro  replica  of  Tycho  Brabe's  qaadraot,  from  tlie  original  in  tbe  BritiJi 
Hnwum,  is  deposited  in  tha  SmilbBouian  Inatitution.  Trlaugnlar  diagonals  an  not 
foDod  la  this  inBtrunieut.  Tycho  Brahu'H  InitmiuentA  had  the  adT«QUge  of  long 
tadii,  which  rendered  any  ioeqnaiitiea  that  migbt  ooonr  in  hta  diviaioui  of  1m  ^o* 
than  ioatnimeDta  of  short  radii ;  the  amalleat  BDbdiviaians  intu  which  hepro(aHidb> 
mark  his  spaces  were  10'  each. 

ITbe  errors  of  Hevelius' large  sextant  for  6' radius  nsed  about  1650,  i 
15"ori»". 
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matiDer  in  which  it  was  accwmplisbed  is  described  substaBtially  as 
follows  (see  p.  332,  Smith's  Optics,  1738) : 

"Two  concentric  area  of  Kidii  96.85"  and  95.8"  respectively  were 
firstdescribed  by  tbe  beam  compass.  Od  tbe  inner  of  these  arcs  90°  was 
to  be  divided  into  degrees  and  twelfth  parts  of  a  degree,  while  tbe  same 
on  tbe  outer  was  to  he  divided  into  96  equal  parts,  and  these  again  into 
Kiiteenth  parts.  The  reason  for  adopting  tbe  latter  was  that  96  and  16 
both  being  powers  of  2,  tbe  divisions  will  be  got  at  by  contioaal  bisec. 
tion  alone,  which,  in  Graham's  opinion,  who  first  employed  it,  is  tbe 
oDly  accurate  method,  and  would  thus  serve  as  a  check  upon  the  aooa. 
racy  of  the  diviaions  of  the  outer  arc.  With  th<i  same  distance  on  the 
benm  compass  as  was  used  to  describe  the  inner  arc,  laid  off  from  0°, 
the  point  60°  was  at  once  determined. 

"With  the  points  0°  and  60°  as  centers  successively,  and  a  distance 
on  tbe  beam  compass  very  nearly  bisecting  tbe  arc  of  60°,  two  slight 
marts  were  made  on  the  arc;  the  distance  between  these  marks  was 
carefully  divided  by  the  hand,  aided  by  a  lens,  and  this  gives  the  point 
30O.  The  chord  of  60°  laid  off  from  the  point  30°  gave  the  point  90° 
and  the  quadrant  was  now  divided  into  three  equal  parts.  Each  of 
tbeee  parts  was  similarly  bisected,  and  the  resulting  divisioos  again 
trisected,  giving  18  parts  of  5°  each.  Each  of  tbe  qninquesect«d  gave 
degrees,  the  twelfth  parts  of  which  were  were  arrived  at  by  bisecting 
and  trisecting  as  before.  The  outer  arc  was  divided  by  continual 
bisection  alone,  and  a  table  was  constrnctod  by  which  the  readings  of 
tbe  one  arc  conld  be  converted  into  those  of  the  other.  After  tbe  dots 
indicating  the  required  divisions  were  obtained,  either  straight  strokes, 
all  directed  towards  the  center,  were  drawn  through  them  by  tbe  divid- 
ing knife,  or  sometimes  small  arcs  were  drawn  through  them  by  the 
beam  compass  having  its  fixed  point  somewhere  on  the  line  which  was 
a  tangeat  to  the  qaadrantal  arc  at  the  point  where  a  division  was  to 
be  marked." 

In  1767  John  Bird,  an  English  mathematical-instrument  maker, 
graduated  a  quadrant  of  8  feet  radius.  His  method  was  that  of  cou> 
tioaal  bisection,  and  is  described  in  a  pamphlet  published  by  order  of 
the  commissioners  of  longitude,  1707,  entitled  "  The  Method  of  Divid- 
ing Astronomical  Instrnments,"  by  John  Bird,  matbematical-instrnuient 
maker  in  the  Strand. 

The  exact  radius  which  he  used  was  OS-^^^  inches.  The  radins  laid 
off  from  the  point  0°  gave  the  point  60°.  This  aroofOflo  wascare- 
fnlly  bisected,  giving  tbe  point  30°,  from  which  the  radius,  that  had 
remained  nndisturbed  on  tbe  original  beam  compasses,  was  laid  off, 
giving  the  point  90°. 

The  chords  of  30°,  15°,  10°  20'  4°  40',  and  42°  40'  were  computed  and 
carefully  laid  off,  each  on  a  separate  pair  of  beam  compasses.  Bird 
nsed  an  exact  scale  of  equal  parts,  which  by  the  aid  of  a  magnifying 
glass  he  was  able  to  read  to  one  one-thonsandth  of  an  inch. 

Google 
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Having  marked  thefonr  iK>iuta0°,30°,C0°,aD(l  90°,  tbe  modeofpco- 
cednre  was  as  foUon's :  The  cbord  of  15^  laid  off  backwanl  fromKP 
gave  75°.  From  75°  the  chord  of  10°  20'  was  laid  off  forward,  giving 
850  20',  and  from  90°  the  chord  of  i°  W  laid  off  backward  gave  the 
same  point 

85°  20'=  5,120'  or  1,024  cbordaof  5'  each,  and  1,024=2'»  (2  carried  to 
the  tenth  power),  so  that  by  continnal  bisections  tbe  arcs  of  5'  were  ac- 
curately marked. 

In  order  to  divide  tbe  circle  beyond  tbe  85°  20'  into  area  of  5'  eacb, 
an  arc  of  40'  (or  eight  5'  divisions)  was  laid  off  backwards  to  84°  iff, 
thus  leaving  an  arc  of  320*  or  64  arcs  of  5'  each  between  thoBe  t«o 
points.  Tbese  5'  arcs  were  laid  off  bycoatinual  bisections.  ThosBlid 
was  able  to  check  accnratfily  the  original  arcs  of  15°,  30°,  60°,  T5°; 
and  90°. 

ORIGIN    OF   THE    DITIDmo    ENQIKE — OUTTINO    ENGINES    FOB    CLOCK 
WBBELS. 

To  tbe  clock-maker,  more  than  any  other  mechanic,  we  are  indebted 
for  the  origin  of  the  dividing  engine. 

"  While  tbe  art  of  clock-making  was  in  its  rade  state  tbe  dividiogof 
a  wheel  into  a  number  of  parts  and  cnttiug  away  notches  of  spaces  wu 
done  by  manual  operation  with  a  file.  This  was  not  only  a  tedious  bat 
a  very  imperfect  way  of  obtaining  a  desired  result,  since  the  nneqoal 
lines  in  tbe  size  and  shape  of  the  tools  prevented  it  from  transmitting 
applied  force  in  an  equable  manner. 

"  To  facilitate  the  manual  operation  of  cutting  wheels  by  a  file  tlie 
sample  platform  was  invented  (described  by  Father  Alexander  in  bis 
book  on  clock-making),  which  wasa  circular  plnte  of  brass  from  10  incb«e 
to  a  foot  or  more  in  diameter,  with  as  many  concentric  circles  tberew 
as  the  usual  number  of  teeth  in  tbe  wheels  and  pinions  of  clockwork 
required  to  be  divided  into  corresponding  parts  of  acircle.  In  the  center 
of  this  platform  was  fixed  a  Bt«mor  fast  arbor,  around  which  au  alidade, 
ruler,  or  index,  with  a  straigbtT  edge  pointing  to  the  center,  turned  freel; 
into  anygiven  point  of  a  required  circle,  by  means  of  which  the  divisioDS 
of  any  given  circle  were  transferred  to  a  wheel  placed  on  tbe  side  stem 
under  tbe  side  index  by  a  marking  point  At  length  a  little  frame  «u 
mounted  on  the  index,  which  was  contrived  to  direct  and  confine  the 
file  in  such  a  way  as  to  cut  the  notches  of  a  wheel  placed  over  the  hi- 
des with  less  deviation  from  the  truth  than  could  be  managed  by  mere 
manual  dexterity.  This  addition,  no  doubt,  led  to  the  adoption  of  > 
circular  file,  or  cutter,  and  of  such  other  appendages  as  completed  the 
construction  of  tbe  simple  cutting  machine."" 

It  is  asserted  in  "Etraines  Chronometrique»"  par  M.  Julian  le  Bo;, 
"  that  Dr.  Eooke  waa  the  first  person  who  contrived,  about  1675,  fmeb 
an  arrangement  as  could  merit  the  name  of  a  catting  engine  (machine  i 

'  S«e  Reei'  Eooyolopiedis,  Tol.  II :  "  Cutting  KiKiDM." 
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feudre).  The  doctor's  iuveution,  which,  like  many  of  his  inventions,  has 
proved  to  be  of  permanent  and  great  utility  in  mechanics,  consists  of 
au  entire  traQsmutation  of  the  old  stationary  platform,  with  its  mova- 
ble appendages,  into  a  movable  platform  inserted  into  a  strong  metallic 
frame,  with  stationary  and  additional  appendages ;  the  machine  tbos 
converted  into  an  engine  or  self-acting  piece  of  mechanism  consisted  of 
a  strong  Inme ;  the  sliding  supporting  bars  of  the  platform  or  plate 
with  a  horizontal  screw  of  adjustment  for  distance  from  the  circular 
file;  the  dividing  plate  with  a  revolving  arbor  to  receive  the  wheel  to 
be  cat;  and  the  alidade  fixed  to  the  great  frame  in  the  position  of  a 
tangent  line  to  any  of  the  dividing  circles  and  applying  its  bent  and 
ronnded  point  to  tbe  pnnched  marks  of  division  oo  the  circle  succes- 
sively aa  the  plat«  revolving  io  the  act  of  cutting  the  successive  teeth 
of  a  wheel." 

In  the  year  1716,  Henry  Sully  brought  to  England  from  France  a 
catting  engine,  made  by  M.  de  la  Faudriere,  which  has  been  mentioned 
by  Jnlien  le  Boy  and  described  by  Thiout  in  bis  *'  Traite  SBorlogerie.^' 

In  1730,  M.  Taillemard  made  further  improvements  in  the  cutting 
engine,  particularly  by  introducing  a  tubed  arbor  instead  of  an  arbor 
with  a  square  hole,  which  bad  been  used  before. 

After  Taillemard,  his  apprentice  Hnlot  continued  toconstruct  engines 
in  a  superior  way  in  France,  and  was  succeeded  by  his  son,  whose  exe- 
cQtion  was  deemed  equal  to  that  of  his  father's. 

BABLY  ZtlTtDINO  RKGINES. 

Smeaton,  in  a  paper  entitled  "The  graduation  of  astronomical  in- 
stmments,''  read  before  the  Boyal  Society  at  London,  November  17, 
17K5,  mentlouB  an  engine  made  is  1741,  by  Henry  Hindley,  of  York, 
En^and,  which  indented  the  edge  of  any  circle  in  such  a  way  that 
a  screw  with  fifteen  threads  acting  at  once  would,  by  means  of  a 
micrometer,  read  off  any  given  number  of  divisions,  so  as  to  answer 
the  purpose  of  subdividing  the  circle. 

It  woold  appear  that  this  engine  was  better  adapted  for  cutting 
toothed  wheels  for  clock-work  than  for  grndnating  circles  with  exact- 
ness. 

The  Dnc  de  Ghanlnes,  in  a  memoir  to  the  Boyal  Academy  of  Science, 
at  Paris,  published  1765,  referred  to  the  difflcultiesin  obtaining  perfec- 
tion of  the  screw  and  notches  of  the  rack  "  so  that  they  be  rendered 
perfectly  equal,  notwithstanding  the  nneqaal  density  and  hardness  of 
difierent  portions  of  tbe  metal  so  racked."  He  calls  bis  method  "  the 
explication  of  the  new  way  of  dividing." 

It  is  said  that  he  constructed  an  engine  wbicfa  be  claimed  to  be  his 
original  invention,  but  unfortunately  the  want  of  "a  perfect  screw  with 
intervals  exactly  proportioned  to  the  effective  radius  of  his  quadrant, 
was  a  source  of  error  that  ixtsterior  contrivances  were  rranlred  to 
remedy."  CtOO^^Ic 
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Ramsdea's  machine  for  ciittiug  tbe  screws  of  bis  diridiog  engine  ac- 
curately (wfaicb-will  be  referred  to  below),  reduced  these  errors  toa 
minimum. 

JESSE  BAMSDEN'S  DIVIDINO  EKGINEB. 

J^se  Ramsden  was  the  son  of  an  innkeeper,  and  was  bora  near  Hali- 
fax, in  Yorkshire,  iu  1735.  While  at  school  in  his  native  count;  his 
foDduess  for  mathematics  was  observed.  Altboagh  he  served  as  an 
apprentice  to  a  cloth  maker  in  Halifax  for  some  time,  yet  at  tbe  age  of 
twent>'-fonr  be  had  become  skillful  in  making  mathematical  and  philo- 
sophical instramenta,  and  hts  success  was  so  great  tbat  he  was  soon 
able  to  open  an  extensive  establishment  in  London. 

It  is  stated  tbat  Ramsden  first  bad  his  attention  called  to  the  subject 
of  dividing  engines  in  1760,  by  the  reward  which  was  offered  by  the 
English  board  of  longitude  to  John  Bird  for  his  method  of  dividing. 

Ramsden  was  donbtless  acquainted  with  what  Hooke,  the  Due  de 
Cbaulnes,  Hindley,  and  others  had  previously  done,  and  before  Uie 
spring  of  1 768  he  completed  bis  first  engine,  having  in  1760  constructed 
a  very  superior  sextant. 

This  first  engine  bad  an  indented  plate  30  inches  in  diameter,  aai 
was  used  to  divide  theodolites  and  other  common  instrnments,  and  did 
BO  with  sufficient  accuracy,  bnt  it  was  not  satisfactory  to  Mr.  Ramsdw, 
who,  in  17T4-'75,  constructed  the  engine,  with  a  plate  45  inches  in  diamt- 
ter,  which  is  now  in  the  TJ.  S.  National  Mnseum.  (See  Plate  I,  from  a 
recent  photograph.) 

This  dividing  engine,  together  with  the  cutting  gear  with  which  tto 
screws  of  this  machine  was  made,  were  sold  by  the  heirs  of  Ramaden 
to  Messrs.  Knox  and  Shain,  of  Philadelphia,  Pennsylvania,  fhim  whoa 
Prof.  Henry  Morton,  president  of  the  Stevens  Institute  of  Technology, 
Hoboken,  New  Jersey,  purchased  them  about  10  years  ago.  Dr.  Mor- 
ton has  recently  deposited  these  machines  in  the  U.  S.  HatioDal 
Musenm. 

The  test  of  this,  Ramsden's  qecond  engine,  which  divided  a  sextant 
for  Mr.  Bird's  examination  accurately,  was  so  satisfactory  "  that  tbe 
board  of  longitude,  ever  ready  to  remunerate  any  snccessfhl  endeavor, 
and  to  promote  the  lanar  method  of  determining  longitude  at  sea,"  cob- 
ferred  a  handsome  reward  on  the  inventor  on  condition  tbat  the  engine 
should  be  at  the  service  of  instrument  makers,  and  tbat  Mr.  Ramsden 
would  publish  an  explanation  of  his  method  of  making  and  using  it 
This  be  did  in  a  quarto  pamphlet  in  1777,  the  preface  to  which  was  pre- 
pared by  Nevil  Maskeline,  astronomer  royal,  dated  Greenwich,  Novem- 
ber 28,  1776.  In  the  following  extract  &om  it  tbe  reasons  for  publish- 
ing tbe  pamphlet  are  given : 

"  Mr.  Bamsdeu,  mathematical  instrument  maker  in  Piccadilly,  vas 
paid  tbe  snm  of  £616,  by  certificate  from  tbe  commissioners  of  longttnde, 
npon  delivering  to  them,  upon  oath,  a  full  and  complete  written  explana- 
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tionand  description  of  bis  engine  fordividiug  mathematical  instrameDts 
(accompanied  with  proper  drawings)  and  of  the  manner  of  using  the 
same,  and  also  of  the  engine  by  which  the  endless  screw,  being  a  prin- 
cipal part  of  the  said  dividing  engine,  was  made,  and  upon  agreeing 
mi  eatering  into  articles  with  them  for  assigniag  over  the  right  and 
pnqterty  of  the  said  engine  to  them  for  the  use  of  the  public,  and 
engaging  himself  to  give  to  the  said  commissioners  and  sacb  other  per- 
sona, being  mathematical  iDstrnmeut  makers,  not  exceeding  ten,  as 
shall  be  appointed  by  tbem  during  the  space  of  2  years,  from  tbe  28tb  of 
October,  1775,  to  the  28th  of  October,  1777,  such  instruction  and  infotma- 
tion  with  regard  to  the  making  and  nsing  of  tbe  said  engine,  as  may  be 
folly  safflcient  to  enable  any  intelligent  workman  to  constrnct  and  use 
otiier  engines  of  the  same  kind,  and  also  l^inding  himself  to  divide  4II 
octaote  and  sextants  by  the  said  engine  which  shall  be  brought  to  him 
by  any  mathematical  instrnment  makers  for  that  purpose  at  tbe  rate  of 
3  shillings  for  each  octant  and'at  tbe  rate  of  6  shillings  for  each  brass 
sextant,  with  nonius  divisions  to  half  minutes,  for  so  long  a  time  as  the 
said  commissioners  shall  think  proper  to  permit  the  said  engine  to  re- 
main in  bis  possession.  Of  which  sum  of  £615  paid  to  the  said  Mr. 
Bamsden,  £300  was  given  bim  as  a  reward  for  the  improvement  made 
by  bim  in  tbe  artof  dividing  instruments  by  means  of  tbe  said  dividing 
engine  and  fordiseoveringthesame,  and  tbe  remaing£315  in  considera- 
tion of  his  making  over  tbe  property  in  the  said  engine  to  the  commis- 
sioners of  longitude,  for  tbe  use  of  tbe  public,  and  for  tbe  other  consid- 
erations before  mentioned. 

"  Id  order  to  render  this  instrument  more  extensively  useful,  the  com- 
missioners of  longitude  ordered  the  writteu  explanations,  with  drawings, 
of  tlie  dividing  engine  to  be  prepared  forpublication,and  it  is  now  pub- 
liabed  accordingly." 

Plate  II  is  from  a  lithograph  in  Bamsden's  publication,  and  illustrates 
the  machine  as  originally  constructed. 

Mr.  Bamsden  states  in  his  pamphlet  that  "  the  teeth  on  the  circum- 
ference of  tbe  wheel  were  cut  by  the  following  method : 

"Having  considered  what  number  of  teeth  on  the  circumference 
would  be  the  moat  convenient,  which  in  this  engine  is  2,160,  or  360  multi- 
plied by  6, 1  made  two  screws  of  the  same  dimensions  of  tempered  steel, 
iu  tbe  manner  hereafter  described,  the  interval  between  tbe  threads  being 
such  as  I  knew  by  calculation  would  come  within  the  limits  of  what 
might  be  turned  off  tbe  circumference  of  tbe  wheel.  One  of  these  screws, 
which  was  intended  for  ratching  or  cutting  tbe  teeth,  was  notched 
across  the  threads,  so  that  the  screw,  when  pressed  against  the  edge  of 
the  wheel  and  turned  round,  cut  in  the  manner  of  a  saw.  Then,  having 
a  segment  of  a  circle  a  little  greater  than  60  degrees,  of  about  the  same 
nulius  with  tbe  wheel,  and  tbe  circumference  made  true,  from  a  very 
Soe  center,  I  described  an  arch  near  the  edge,  and  set  off  the  chord  of 
W  degrees  on  this  arch.    This  segment  was  put  in  the  place  of  tbe 
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wheel,  the  edge  of  it  was  ratched,  and  the  namber  of  reToIadoDa  aad 
parts  of  the  screw  contaiued  between  the  interval  of  the  60  degrees  were 
counted.  The  radius  was  corrected  in  the  proportion  of  360  tevola- 
tioua,  which  ought  to  have  been  in  60  degrees,  to  the  number  actaaltf 
fonnd,  ami  the  radiaa,  so  corrected,  was  taken  iti  a  pair  of  lieam  com- 
passes while  the  wheel  was  on  the  lath,  one  foot  of  the  compasses  vu 
put  in  the  center  and  with  the  other  a  circle  was  described  on  the  ring ; 
then  half  the  depth  of  the  threads  of  the  screw  being  taken  in  dividers 
was  net  (h)m  this  circle  outwards  and  another  circle  was  described,  cat- 
ting this  point ;  a  hollow  was  then  turned  on  the  edge  of  the  wheel  of 
the  same  curvature  as  that  of  the  screw  at  the  bottom  of  the  threads; 
the  bottom  of  this  hollow  was  turned  to  the  same  radius  or  distaoee 
from  the  center  of  the  wheel  as  the  outward  of  the  two  circles  befon 
mentioned. 

"  The  wheel  was  now  taken  off  the  lathe,  the  bell-metal  piece  (Z>)  was 
screwed  on  as  before  directed,  which  after  this  ought  not  to  be  removed. 

«From  a  very  exact  ceuteracirclewasdescribedoo  the  ring  C,aboat 
four-tenths  of  au  inch  within  where  the  bottom  of  the  teeth  would 
come.  Tliis  circle  was  divided  with  the  greatest  exactness  I  was  capa- 
ble of,  first  into  5  parts  and  each  of  these  into  3.  These  parts  were 
then  bisected  i  times,  that  is  to  say,  supposing  the  whole  circuDfer- 
ence  of  the  wheel  to  contain  2,160  teeth,  this  being  divided  into  3  parts, 
each  of  them  wonid  contain  114,  and  this  space  bisected  4  times  would 
give  73,  36, 18,  and  9 ;  therefore  each  of  the  last  divisions  wonId  cou- 
tain  9  teeth.  But,  as  I  was  apprehensive  some  error  might  arise  from 
quinquesection  and  trisection,  in  order  to  examine  the  accuracy  of  the 
divisions  I  described  another  circle  on  the  ring  0,  one-tenth  inchviUiiD 
the  former,  and  divided  it  by  continual  bisections,  as  2,160, 1,080, 510, 
270, 135, 67^, and 33^ ;  and,as thefixed wire(tobedeHcribedpr«8eDtl;) 
crossed  both  the  circles,  I  could  exaraiue  their  agreement  at  every  135 
revolutions  (after  ratching  could  examine  it  at  every  33|) ;  but  not 
finding  any  sensible  difference  between  the  two  sets  of  divisions,  I,  for 
ratching,  made  choice  of  the  former;  and,  as  the  ooincidence  of  tlie 
fixed  wire  with  an  intersection  could  be  more  exactly  determined  tbu 
with  a  dot  or  division,  I  therefore  made  use  of  intersections  in  bodi 
circles  before  described. 

"The  arms  of  the  frame  were  connected  by  a  thin  piece  of  brass  of 
three-fourths  of  an  inch  broad,  having  a  hole  in  the  middle  of  four  tentiis 
of  an  inch  in  diameter;  across  this  hole  a  silver  wire  was  fixed  exactly 
in  a  line  to  the  center  of  the  wheel ;  the  coiooidence  of  this  wire  with 
the  intersections  was  examined  by  a  lens  seven-tenths  inch  fooas,fixed 
in  a  tube  which  was  attached  to  one  of  the  arms. 

"Now  a  handle  or  winch  being  fixed  on  the  end  of  the  screw,  tlw 
division  marked  10  on  the  circle  was  set  to  its  in^lex,  and,  by  means 
of  a  clamp  and  adjusting  screw  for  that  purpose,  the  intersectioa 
was  set  exactly  to  coincide  with  tlie  fixed  wire;  the  screw  was  then 


DBitized  by  Google 


THE  RAHSDEN   DIVIDING  ENGINE.  735 

earefDlly  preMed  againat  the  circumfereuce  of  tbe  wheel  by  turning 
tbe  fiager-Bcrew ;  tbeu,  removing  the  clamp,  I  turned  the  screw  by  its 
baDdle9  FBTolulions,  till  the  ioteraectioQ  marked  240  came  nearly  to 
Ihe  wire ;  then,  untarning  the  flDger-Hcrew,  I  released  the  screw  from  the 
vbeel  and  tiinicd  the  wheel  back  till  the  intersection  marked  2  exactly 
coiDcided  with  the  wire,  and  by  means  of  the  clamp  before  mentioned, 
the  divisioD  10  on  the  circle  being  set  to  its  index,  the  screw  was  pressed 
aguDst  the  edge  of  the  wheel  by  the  flnger-screw ;  the  clamps  were  re- 
moved, and  the  screw  tamed  9  revolations  till  tbe  intersection  marked  1 
nearly  coincided  with  the  fixed  wir^  tbe  screw  was  pressed,  as  before,  tbe 
wheel  was  tarned  back  till  the  intersection  3  coincided  with  tbe  fixed  wire; 
thedirisionlOonthecircle  being  set  to  its  index,  the  screw  was  pressed 
against  tbe  wheel  as  before,  and  the  screw  tamed  9  revolutions  till  tbe 
iotersection  2  nearly  coincided  with  tbe  fixed  wire,  and  the  screw  was 
released;  and  I  proceeded  in  this  manner  till  tbe  t«eth  were  marked 
round  the  whole  oircamference  of  the  wheel.  This  was  repeated  three 
times  round,  to  make  the  impression  of  tbe  screw  deeper,  I  then 
rat«hed  tbe  wheel  round  contianally  in  the  same  direction  without 
eter  disengaging  the  screw,  and  in  ratcbing  tbe  wheel  abont  300  times 
tonnd  tbe  teetb  were  flnisbed. 

"Sow  it  is  evident,  if  the  circumference  of  tbe  wheel  was  even  one 
tooth  or  ten  minutes  greater  than  tbe  screw  would  require,  this  error 
would  in  tbe  first  instance  be  reduced  to  one-two-hnndred-and-fortietb 
part  of  a  revolution  or  two  seconds  and  a  half;  and  these  errors  or  in- 
e^jnalities  of  the  teeth  were  equally  distributed  rouud  tbe  wheel  at  the 
distance  of  9  teeth  from  each  other.  Now,  as  the  screw  in  ratcbing  had 
continnally  hold  of  several  teeth  at  the  same  time,  and  these  con- 
stantly changing,  tbe  above-mentioned  inequalities  soon  corrected 
themselves  and  the  teeth  were  redaced  to  a  perfect  equality. 

"The  piece  of  brass  which  carries  tbe  wire  was  now  taken  away  and 
the  catting  screw  was  also  removed  and  a  plain  one  (hereafter  described) 
pat  in  its  place.  On  one  end  of  the  screw  is  a  small  brass  circle,  having 
itsedge  divided  into  60 equal  parts  and  numberedat  every  sixth  division, 
u  before  mentioned.  On  the  other  end  of  the  screw  is  a  ratchet  wheel 
having  60  teeth,  covered  by  the  hollowed  circle,  which  carries  two 
clicks  that  catch  upon  the  opposite  sides  of  the  ratchet  when  the  screw 
ia  to  be  moved  forward, 

'^The  cylinder  turns  on  a  strong  steel  arbor,  which  passes  through 
and  is  firmly  screwed  to  the  piece  ¥.  This  piece,  for  greater  firmness, 
is  attached  to  the  screw -frame  by  braces ;  a  spiral  groove  or  thread  is 
cut  on  the  outside  of  thecyliader,  which  serves  both  fpr  holding  the 
string  and  also  giving  motion  to  the  lever  on  its  center  by  means  of  a 
steel  tooth  that  works  between  the  threads  of  the  spiral.  To  tbe  lever 
is  attached  a  strong  steel  pin  on  which  a  brass  socket  tnrns.  This 
socket  passes  through  a  slit  in  the  piece,  and  may  be  tightened  in  any 
part  of  the  slit  by  the  finger-nut.  This  piece  serves  to  regulate  tbe 
number  of  revolutions  of  the  screw  for  each  tread  of  the  treadle. 
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"  Several  different  arbors  of  tempered  steel  are  truly  groimd  into  Uw 
socket  in  tbe  center  of  the  vheel.  The  upper  parts  of  tlie  arbois  that 
stand  above  the  plane  are  turned  of  various  sizes,  to  suit  the  eeutersof 
different  pieces  of  work  to  be  divided. 

"  Wheu  any  instrument  is  to  be  divided,  the  center  of  it  is  very  exactly 
fitted  ou  one  of  these  arbors,  and  the  instrument  is  dzed  down  to  the 
plane  of  the  dividing  wheel  by  means  of  screws,  which  fit  into  holes 
made  iu  the  radii  of  the  wheel  for  that  purpose. 

"The  iustruments  being  thns  fitted  on  the  plane  of  the  wheel, tbe 
frame  which  carries  the  dividing  poiutisconnected  atone  end  by  finger 
screws  with  tbe  frame  which  carries  the  endless  screw ;  while  the  other 
end  embraces  tbat  part  of  tbe  steel  arbor  which  stands  above  the  instiu- 
ment  to  be  divided  by  an  angular  notch  in  a  piece  of  hardened  steel; 
by  this  means  both  ends  of  tbe  frame  are  kept  perfectly  steady  and 
free  from  any  shake. 

"  The  frame  carrying  the  dividing  point  or  tracer  is  made  to  slide  oo 
the  frame  which  carries  the  endless  screw  to  any  distance  from  tbe  ceD> 
ter  of  tbe  wheel  as  tbe  radius  of  the  instrument  to  bo  divided  may  re- 
quire, and  may  be  there  fastened  by  tightening  two  clamps,  and  the 
diviiting  point  or  tracer  being  r-onneoted  with  the  clamps  by  tbe  double- 
jointed  frame  admits  a  free  and  easy  motion  towards  or  from  the  center 
for  cutting  the  divisions  without  any  lateral  shake." 

ENGINE  BY  WHICH  THE  ENDLBS8  SCREW  OF  THE  DIVIDING  ENGINE 
WAS  CDT. 

Tlie  machine  constructed  by  Bapasden  for  cutting  tbe  screw,  and 
used  to  cut  the  2,160  teeth  in  the  circumference  of  the  circle  of  his 
dividing  engine,  is  of  tbe  greatest  interest,  for  it  is  one  of  the  earliest 
applications  of  the  principle  of  changing  the  lateral  speed  of  tbe  tool 
in  cnttitig  a  screw  by  differential  wheels; — the  method  now  used  in  tbe 
slide  rest  of  a  lathe. 

Plate  III  is  from  a  photograph  of  this  machine  deposited  in  the  U.  S. 
National  Museum  by  Dr.  Morton. 

It  bos  not  been  fouad  practicable  to  letter  the  various  parts  of  thb 
machine  to  correspond  with  those  referred  toiu  Bamsden's  description- 
It  is  believed  however  that  the  reader  will  find  more  interest  Id 
following  the  original  description  ia  the  words  of  the  celehrated 
mechanician  than  iu  readiug  an  explauation  of  the  coDstruction  of  the 
machine  couched  in  modern  terms. 

Bamsden  describes  his  machine  thus : 

A  represents  a  triangular  bar  of  steel,  to  which  the  triangular  holes 
in  the  piece  B  aud  C  are  accurately  fitted,  and  may  be  fixed  on  any 
part  of  the  bar  by  the  screws  D. 

E  is  &  piece  of  steel  whereon  tbe  screw  is  intended  to  be  cut, 
which,  after  being  hardened  and  tempered,  has  its  pivots  torned  in 
the  form  of  two  frustrums  of  cones,  as  represented  in  the  drawings  of 
the  dividing  engiue  (foot-note  Fig.  5).    These  pivots  were  very  exutty 
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fitted  to  the  halt'  hole»  F  and  T,  wbicb  wore  kept  together  by  tbu 

if  rcpreseuttt  a  screw  of  ant«iu)iere<l  steel,  having  a  jHcot,  7,  wbicb 
nms  in  the  bole  A'.  At  tbe  otiier  end  of  tlie  screw  is  a  hollow  center, 
which  receives  tbo  hardened  coniciil  poiiit  of  tbe  steel  piii  M.  When 
this  point  is  stiSlcieutly  presseil  agaiust  the  screw  to  prevent  its  shak- 
ing the  steel  pin  may  be  dxed  by  tightening  the  screws  Y. 

^  is  a  cyliudrie  nut.  movable  on  the  screw  H,  which,  to  prevent  any 
sliitke,  may  be  tightened  by  the  screws  0.  This  nut  is  connected  with 
the  saddle  piece  P  by  tneinis  of  the  iulermudiute  univermd  joint  IV', 
tliraugh  which  tbe  arbor  of  the  screw  H  passits.  A  front  view  of  this 
giieue,  with  a  section  across  the  screw  arbor  is  represente<]  at  A'.  This 
jfflut  is  conuecte<)  with  the  mil  by  meauH  of  two  steel  slips,  S,  which 
turn  on  pias  between  the  cheeks  '£  on  the  nut  iV.  The  other  ends  of 
tliese  slips,  S,  turn  in  like  manner  on  pins  (a).  One  axis  of  this  joint 
ttims  in  a  hole  in  the  cock  (b),  which  is  fixed  to  the  saddle  piece,  and 
tbe  other  tnrns  in  a  hole,  {d),  made  for  that  purpose  in  the  same  piece 
on  which  the  cock  (b)  i»  tixed.  By  this  uieane,  when  tbe  screw  is. 
tamed  round,  the  saddle  piece  will  slide  uniformly  along  the  triangu- 
lar bar  A. 

Having  measured  the  circumference  of  tbe  dividing  wheel,  I  found 
itwould  ruquire  a  Hcrew  aliont  one  thraad  in  a  hundred  coarser  than 
tlie  guide  suniw  H.  The  wheels  on  the  guide  screw  arbor  if,  and  that 
on  the  steel  E,  oti  which  the  screw  wiis  to  be  cnt,  were  proportioned  to 
each  other  to  produce  that  eU'ect  by  giving  the  wheel  ( L)  198  teeth  and 
the  wheel  (Q)  'iOU.  These  wheels  communicated  with  each  other  by 
means  of  the  intermediate  cogwheel  K,  which  also  served  to  give  tbe 
threads  on  the  two  screws  the  same  direction. 

£  is  a  small  triangular  bar  of  well-tempered  steel,  which  slides  in  a 
groove  of  tlie  same  form  uii  the  saddle  piece  P.  The  point  of  this  bar 
or  cutter  is  forme<l  to  the  shape  of  the  thread  intended  to  be  cut  on  the 
endless  screw.  When  the  cutter  is  set  to  take  proper  hold  of  the 
iniended  screw  it  may  be  fixed  by  tightening  tbe  screws  («),  which 
press  the  two  pieces  of  brass,  Q,  upon  it. 

The  saddle  piece  P  is  confined  ou  the  bar  A  by  means  of  the  pieces 
(jf),  and  may  be  made  to  slide  with  a  proper  degree  of  rightuess  by  the 
screws  (n). 

EAMSDEK  GEADUATBS  THE  OUEAT  THEODOLITE  NOW  AT  GREENWICH. 

la  1735  Ur.  Bamsden  was  requested  "  to  make  an  instrument  for  meas- 
nring  horizontal  angles  with  more  precision  than  the  ordinary  theodo- 
lite." It  was  with  this  dividing  engine  that  Eamsdeu  graduated  this 
instruinent  known  as  "the  great  theodolite,"  still  preserved  at  Green- 
wich, for  the  trigonometrical  survey  of  Great  Britain,  described  in  Vol. 
80,  Philosophical  Transactions. 

One  of  the  first  projects  of  the  trigouometrical  survey  of  Ureat  Britain 
H.  Mis.  129 17 


738  THE  BAM8DKN  DITTDIMO  ENGINE. 

was  to  meaanre  tbe  exact  linear  distance  between  the  obswratdrr  at 
Greenwich  and  the  observatory  at  Paris,  which  was  satisfoetotil; 
acoomplisbed  under  tbe  direction  of  QenemI  Koy. 

In  January,  1788,  Jesse  Bamsden,  who  bad  twice  before  undertaken 
the  task  of  constractiug  an  astronomical  circle,  began  tbe  one  vhieli 
be  completed  Aagast,  1789. 

Hia  death  occurred  in  1800,  at  which  time  he  was  a  member  of  the 
Boyal  Society,  Fellow  of  tbe  Imperial  Academy  of  8L  Petersboi^,  sod 
wore  a  Uopley  medal. 

THE  DIVIDINO  ENGINES   OF  TEOUGHTON,  PIMS  AND  OTBBR8. 

Eighteen  years  after  the  completion  of  liamsilen's  eogine  (1793),  Ed- 
ward TroQghton  completed  a  circular  dinding  engine,  somewhat  Binilar 
in  detail,  with  a  plate  smaller  than  BRmsden's.  And  in  1843,  William 
Sims,  Trongbtoo's  SQCcesaor,  completed  bis  eogine,  nhiob  basforoeari^r 
50  years  been  in  constant  use  at  Charlton,  near  London. 

Sims  claimed  that  the  merit  of  this  engine  consisted  in  making  the  aits 
.of  the  plate  a  hollow  tube  into  which  the  axis  of  the  circle  to  be  divided 
could  be  slipped,  oot  making  it  necessary  to  detach  the  plate  whihit 
was  being  graduated,  and  obviating  the  necessity  of  re-settiog  the  eii- 
cle  OD  tbe  axle,  which  is  always  liable  to  create  error. 

Reichenbach,  in  Germany,  and  Gambey,  in  Paris,  and  Adie,  in  Edin- 
burgh, also  coDstrocted  dividing  engines  of  merit.  Beicbenbaoh's  was 
for  a  long  time  unsurpassed  in  accaracy.  Gambey's  is  now  at  Hotel 
Clany,  Paris. 

The  German  method  which  admits  of  great  accuracy  under  ekillfol 
management,  is  performed  by  copying  from  a  large  circle,  origioall; 
divided  with  extreme  precision ;  over  this  circle  the  copy  to  be  made  is 
fixed  concentrically ;  the  degrees  and  minutes  are  cat  into  the  copy  bj 
the  aid  of  the  micrometer  microscope  fixed  independeDtly  over  the 
divided  circle. 

In  1818,  Bepsold  erected  a  circle  at  Gottengen  and  in  1819  ReiclMH- 
bach  erected  one  at  Eooigsberg.  Pistor  and  Martins  of  Berlin,  coo- 
striicted  circles  for  Copenhagen,  Albany,  Leyden,  Leipsic,  Berlin,  Waah- 
iugtoo  Naval  Observatory,  and  Dublin.  Since  the  death  of  Martiiu, 
Bepsold  coustracted  circles  for  Strasbnrg,  Boon,  Williamstown,  Mu 
sacbusetta,  and  Madison,  Wisconsin;  Troughton  and  Sims  dmngtbe 
work  for  Greenwich,  Harvard,  and  Cambridge. 

The  Altazimuth,  8  feet  in  diameter,  now  (1890)  at  Palermo  Observa- 
tory, was  divided  by  hand  by  Bamsden 

Id  1806,  Troughton  constracted  tbe  first  modern  circle  for  the  observs- 
tory  at  Blackheath. 

In  tbe  Philosophical  Transactions,  for  1809,  in  a  paper  by  Itangb- 
ton  on  dividing  instruraears,  p.  140,  be  states : 

"  I  now  subjoiu  a  re-statement  of  the  greatest  errors  of  each  of  tbe 
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jnetrameDts  that  are  broaglit  iuto  compaiiaou  by  Sir  Oeorge  Shuck- 
buTg,  after  having  reduced  them  all  by  one  rule,  viz :  . 

"AllowiQfr  each  oFthe  two  poiuta  which  bonud  the  most  erroneous 
extent  to  diviile  the  appareaC  error  equally  between  tbein. 

"They  are  expressed  ia  parts  of  an  inch  and  follow  each  other  iu  the 
order  of  their  accuracy. 

Sir  George  Shuckburg'so-feet  standard 000105 

General  Boy'a  scale  of  42-incb  staudnrd 000240 

Sir  George's  equatorial,  24-iiicb  standard 000273 

Tlie  Qreenwich  quadrant,  8-feet  standard ,000405 

Mr.  Anbert'8  staudard,  5-feet  standard 000700 

The  Itoyal  Society's  standard,*  g2-inch  standard OOOT05 

"ForthejustnesB of theabove statement  Iconsidermyiiaine  pledget]." 

I  am  iuformed  by  recent  travellers  in  China  aud  Japan  that  the  circles 
for  astronomical  and  other  instrnmeots  are  still  divided  by  hand,  un- 
aided by  maobiuery. 

The  dividing  engine  at  the  Coast  Survey,  Washington,  made  by 
IroQgbton,  was  made  automatic  by  Joseph  Saxton  about  1855 ;  it  wna 
re-constructed  about  10  years  ago  by  Fautb  &  Co.,  of  Washington, 
who  have  at  their  establishment  a  dividing  engine  for  which  they  claim 
great  accuracy. 

Thus  have  the  mecbaniciaus  for  a  century  kept  pace  with  the  de- 
mands for  accurate  iustruments. 

"Tbiaia  the  ume  which  Hr.  Bird  uaed  in  diriding  his  8-reel  niaral  quftdraot  aud 
TH  prweated  to  the  Bof  >1  Society  by  Mr.  liird's 
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A  MEMOIR  OF  ELIAS  LOOMIS.* 


By  H.  A.  Newton. 


The  President  and  Fellows  of  Ynle  College  have  reqnestod  that  in 
this  imblic  place  and  matiDer,  I  should  give  an  accoaot  of  the  life, 
scieiitific  activity,  and  public  aerviuea  of  oar  late  colleague,  Prof. 
Elian  Loomis.  It  i»  a  ploaaore  to  perform  tliedat;  thus  laid  upon  me. 
The  hours  of  intercourse  I  have  bad  with  bim,  and  his  generons  contt- 
itences,  are  precious  treasures  of  my  life.  And  I  hope  you  will  And  it 
«orth  your  while  to  havu  turned  away  from  other  thoughts  for  a  single 
hoar,  lo  listen  to  the  account  of  what,  during  near  three  score  years  of 
mature  life,  our  colleague  was  doing  for  science,  and  through  soieuoe 
for  mau. 

EUias  Loomis  was  born  in  the  little  hamlet  of  Williugton,  Oounecti' 
cat,  August  7, 1811.  Hi»  father,  the  Rev.  Hubbell  Loomis.  was  pastor 
in  that  ooantry  parish  from  ISOl  to  1838.  He  was  a. mau  possessed  of 
cousiderable  seholarsbtp,  of  positive  convictions,  aud  of  a  willingness 
to  follow  at  all  hazards  wherever  truth  and  duty,  as  he  conceived  them, 
Blight  lead.  Be  had  studied  at  Uniou  College,  iu  the  class  of  1799, 
though  apparently  he  did  not  finish  the  college  course  with  hie  class. 
He  is  enrolled  with  that  class  in  Union  College,  and  ho  also  receive<l, 
in  1812,  the  honorary  degree  of  Master  of  Arts  from  Yale  College.  At 
a  Inter  date  be  went  to  Illinois,  ami  there  was  instrumental  in  founding 
the  institution  which  afterwards  became  SburtleflT  (jollege. 

Although  the  boy  inlierited  from  his  father  a  mathematical  taste,  yet 
bis  love  for  the  languages  also  was  shown  at  a  very  early  age.  At  an 
age  at  which  many  bright  boys  are  still  strnggling  with  the  reading  of 
Guglish,  be  is  reported  to  have  been  reading  with  ease  the  New  Testa- 
oieat  in  the  original  Greek.  Ho  prepared  for  college  almost  entirely 
Qiider  the  instruction  of  his  father.  He  was,  for  a  single  winter  only, 
at  the  Academy  at  Monson,  Massachusetts.  Owing  iu  part  to  feeble 
health  be  was  more  disposed,  iu  those  early  years,  to  keep  to  bis  books 
than  to  roam  with  other  boys  over  the  Willingtoo  hills.     In  later  life 

'Ainemorial  address,  delivered  in  Osborn  Hall  {Ynie  College,  New  Haven,  Con- 
oceticat),  April  11,  11^90.  (From  the  Ameriean  Journal  of  Scienct,  Joue,  1B90,  vol. 
iXXii,  pp.  427-455.)  "^tii^S'^^ 
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be  freqneDtly  said  that  in  his  earl;  days  be  never  bad  a  tbooKbt  of 
nsking  what  sabjects  he  was  most  foQd  of,  bnt  studied  what  he  was  totd 
to  study. 

At  the  age  of  14  be  was  examined  and  was  admitted  toYaIeColle(:^ 
bat  owiug  to  feeble  health  he  waited  another  year  before  actaally  en- 
tering a  class.  In  college  ho  appears  to  have  been  about  eqaiilly  pro- 
ficient in  all  of  the  studies,  taking  a  good  rank  as  a  scholar,  and  main- 
taining it  through  bis  college  course.  President  Porter  remembere  well 
the  retiring  demeanor  of  the  yonng  student,  and  his  concise  and  often 
monosyllabic  expressions,  pecoliarities  which  he  retained  throagh  life. 
During  his  junior  and  senior  years  he  roomed  with  Alfred  E.  Perkins, 
whose  bequest  was  the  first  large  endowment  of  the  college  library. 
He  gradnated  iu  1830. 

A  few  weeks  before  graduation  he  left  New  Haven  and  entered  a 
school,  Meant  Hope  Institute,  near  Baltimore,  to  teach  mathematio, 
and  he  remained  tbereibrayearand  a  term.  One  of  bis  classmates,  the 
late  Mr.  Cone  of  Hartford,  said  that  Mr.  Lcomis  bad  intended  to  spen^ 
his  life  in  teaching,  and  that  it  surprised  him  when  be  heard  that  bis 
purpose  was  abandoned,  and  that  Mr.  Loomis  bad  gone,  in  theantntDU 
of  1831,  to  the  Andover  theological  seminary  with  the  distinct  expecta- 
tion of  becoming  a  preacher.  This  new  purpose  was  however  again 
changed,  when  a  year  later,  he  was  appointed  tutor  iu  Tale  College.  A 
vacancy  in  the  tutorship  in  the  May  following  (1833),  and  While  not  yet 
22  years  of  age  he  returned  to  New  Haven  and  entered  upon  the  duties 
of  the  office.  Here  he  remained  for  3  years  and  one  term.  In  tlie 
spring  of  1836  be  received  the  appoiutment  to  the  chair  of  matbematiet 
and  natural  philosophy  in  Western  Reserve  College,  at  Hudson,  Oliio. 
He  was  allowed  to  spend  the  first  year  in  Europe.  He  was  therefore 
during  the  larger  part  of  the  year  183&-'37  in  Paris  attending  the  lec- 
tures of  Biot,  Poisson,  Arago,  Duloug,  Pouillet,  and  others.  He  did 
not  visit  Oermany  becanse  of  want  of  money.  A  long  series  of  letters 
written  by  him  at  this  time  appeare^l  in  the  Ohio  Obaener,  and  iheeoa- 
trast  between  England  and  France  as  he  saw  them,  and  the  same 
places  as  seen  by  the  toorist  to  day  is  decidedly  interesting. 

He  purchased  in  London  and  Paris  apparatus  for  his  professorsliip 
and  the  outfit  for  a  small  observatory,  and  in  the  autumn  of  J837  befiaii 
his  labors  at  Hudson.  Here  he  remained  for  7  years,  maintaining  wiUi 
unflagging  perseverance  both  his  work  in  teaching  and  bis  scientific 
labors.  In  judging  of  this  work  atHndson  we  must  remember  tlist  be 
was  not  with  perfect  surroundings.  He  was  without  an  assistant  asd 
vitboattbeconnselandenconragement  of  associates  iu  Ills  own bmnclm 
of  science.  The  financial  troubles  which  culminated  in  this  country  in 
1837  were  peculiarly  severe  upon  the  yonng  and  struggling  oollegv. 
Money  was  almost  nuknowu  in  business  circles  in  Ohio,  trade  beiDK 
almost  entirely  iu  barter.  In  this  way  principally  was  pMd  so  mach  «f 
the  promised  salary  of  $600  per  annum  as  was  uot  iu  arrears.    iBOoe 
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of  his  letters  he  coDgrstalates  taimBelf  that  all  of  his  bills  that  were 
more  thau  2  years  oUl  had  been  {Mid.  lu  another  he  says  that  there 
wM  not  euo::gIi  money  in  the  college  treasury  to  take  him  out  of  the 
state.  When  heleft  Hadson  thecollege  offered  to  pay  at  ouce  the  arrears 
of  his  salary  by  deeding  to  bim  some  of  its  unimproved  lands. 

In  1844  be  vaa  offere<l,  and  be  ncceptetl,  tbe  office  of  professor  of 
luathemacioa  and  natural  philosophy  iu  the  nntrersity  of  New  York. 
Id  this  uew  position  he  nnderiook  the  preparation  of  a  series  of  test 
books  iD  the  mathematics,  and  for  some  years  a  large  part  of  tbe  time 
which  he  could  tpare  from  Lis  regular  college  work  was  given  to  the 
pnparatioa  of  these  books. 

When  Professor  Henry  resigned  his  professorship  at  Princeton  in 
onler  to  accept  the  office  of  Secretary  of  the  Smithsonian  lostitntion 
Professor  Loomis  vas  offered  the  vacant  cbarr.  He  went  to  Princeton 
sod  remained  there  dnringl  year,  at  the  end  of  which  he  was  induced 
to  return  again  to  his  old  place  in  the  aniversity  of  New  York.  Here 
he  Gonlinned  until  1860,  when  he  was  elected  to  tbe  professorship  in 
Tale  College  made  vacant  by  tbe  death  of  Professor  Olmsted.  For  the 
last  20  years  of  his  life  he  here  labored  tor  the  college  and  for  science, 
parsing  away  on  tbe  15th  of  August,  1889. 

Let  ns  look  now  in  succession  at  the  different  lines  ofbis activity  dur* 
ing  these  66  years, — i  here  in  the  tutorship  and  in  Europe,  7  at  Hud- 
sou,  Ohio,  16  in  New  York  City  and  Piinceton,  and  29  in  New  Haven. 

For  the  first  year  on  returning  from  Andover  to  New  Haven  be  was 
totorin  Latin,  although  it  seems  that  be  might,  had  he  chosen  it,  have 
been  tutor  of  mathematics.  I  believe  that  at  the  begiimiog  bis  mind 
was  not  yet  definitely  turned  towani  the  exact  sciences.  In  his  child- 
hood be  bad  taken  specially  to  Greek.  In  college  he  was  equally  pro- 
ficient in  all  of  hisstudics.  Heis  represented  to  have  led  bis  class  at 
Andoreriu  Hebrew,  and  now  on  entering  the  tutorship  ho  chose  to 
leach  tbe  Latin  language  and  literature.  During  the  second  year  he 
taught  mathematics  and  the  third  year  natural  philosophy.  His  later 
success  in  scientific  work  was,  I  believe,  in  no  small  measure  doe  to  his 
earlier  broad  and  thorough  study  of  language. 

I  have  made  some  inquiry  in  order  to  learn  what  it  was  that  turned 
bis  attention  and  tastes  toward  science.  One  of  his  colleagnes  iu  the 
tutorship,  the  Rev.  Dr.  Davenimrt,  says  that  he  recollects  very  dis- 
tinctly the  first  indication  to  his  own  mind  thatTntor  Loomis  was  tum- 
iog  his  thoughts  iu  this  direction.  The  great  meteoric  shon>t:r  of  1833 
came  early  in  the  period  of  bis  tnforMhip,  and  the  views  of  Professor 
Twining  and  Professor  Olmsted  about  the  astronomical  character  and 
origin  of  ttiese  interesting  and  mysterious  bodies  were  a  common  topic 
of  conversation  among  scientific  men  in  the  college,  especially  when- 
ever Professor  Olmsted  was  present.  The  tutors  were  accnstomed  to 
meet  as  a  clnb  from  time  to  time  in  the  tutors'  rooms  in  turn,and  Dr. 
Davenport  well  recollects  the  occasion  when  Tntor  Loomis  brought  in 


744  A  HEHOIH  OF  ELIA8  LOOMIR. 

a  globe  and  <1iscit8fle<l  before  ttin  club  tlie  Dew  tbeoriefi  abont  theM 
bodiett.  U|i  to  tbin  time  Tutor  Lootuiu  bad  Reemedtohim  tobavegivea 
bis  tbouf^bto  and  study  to  language  ratber  tban  to  science. 

Ln  January,  1834,  there  were  constituted  in  the  Connecticat  AcadeD.T 
of  Arts  and  Bciences  twelve  coaimittees  represt^ntiug  the  several  de- 
partments of  kuowledge,  and  Tutor  Ixwrnis  watj  pat  on  tbe  committ^ 
on  matbematicsand  natural  philosophy.  These  are  tbe  only  signs  of 
Bcieutiflc  taste  or  activity  wbicb  1  have  detected  earlier  tliao  the 
autumn  of  1834,  after  he  had  been  a  year  and  a  term  in  tbe  tutorafaip. 
From  tbis  time  on  to  tbe  end  of  bis  life  be  gave  his  time  sod  energice 
to  several  subjecta  that  are  euongh  distinct  one  ftooi  tbe  other  t«  Bake 
it  conveuieut  to  disregard  a  strictly  cbronotogioal  aocount  of  hie  Islmrs 
and  consider  bis  work  iu  each  subject  by  itself. 

A  subject  of  wbicb  he  early  undertook  the  investigation  was  teiTes- 
trial  maguetistn.  We  olten  use  the  rhetorical  phrase  "  True  as  the 
needle  to  tbe  pole,"  but  looked  at  carefully,  the  magnetic  needle  isaay- 
thing  but  constant  in  direction.  Like  tbe  weather  vane  on  tbe  steeple 
it  is  ever  iu  motion,  swinging  back  and  forth,  in  motions  minute  and 
slow  it  is  true,  btit  still  always  swinging.  It  bas  fitfully  irregular  mo- 
tions; it  bas  niotioDs  with  a  daily  period;  motions  with  an  auaual 
period  ;  and  motions  whose  oscillations  require  centuries  for  couiple- 
tiou. 

The  daily  motions  of  the  magnetic  needle  were  those  which  Tutor 
Loomia  first  studied.  At  tbe  beginning  of  the  second  year  of  his  tutor- 
ship  be  set  np  by  tbe  north  window  of  bis  room  id  North  Colleges 
heavy  wooden  block,  and  on  it  the  variation  compass  that  belongs  to 
the  college.  Here  for  over  tbirtecu  months  be  observed  tbe  posiliou 
of  tbe  needle  at  hourly  intervals  iu  the  daytimi.',  his  observalioui 
usually  being  for  seventeen  successive  hours  of  each  day. 

The  results  of  these  observations,  together  with  a  special  discusfiion 
of  the  extraordinary  cases  of  disturbance,  were  published  iu  the  Amer- 
ican Journal  oj  Science  iu  18311.  ffo  similar  observatious  of  the  kind 
made  in  this  country  had  at  that  time  been  published.  So  far  as  I  am 
aware,  none  made  before  1834  have  since  been  published,  except  ten 
days'  observations  mmie  by  Professor  Bnche  in  1832.  In  fact  I  kno* 
of  only  oue  or  two  like  series  of  hourly  observations  made  in  Europe 
earlier  tban  these  by  Tutor  Looinis.  He  also  at  this  time  formed  the 
pur|>ose  of  collecting  all  the  observations  of  magnetic  decliuation  that 
bad  been  hitherto  mnde  in  the  United  States  and  of  constnictiug  from 
them  a  magnetic  chart  of  tbe  country.  He  appealed  successfnlly  to  tbe 
Connecticut  Academy  of  Arts  and  Sciences  for  its  sympathy  ami  aid. 
Tbe  work  of  collecting  facts  was  so  fur  advance^l  before  leaving  Se» 
Haven  that  wbeu  be  bad  been  a  few  months  professor  at  Hudson  he 
forwardcil  to  the  American  Journal  of  tidence  a  discussion  of  tlieoh- 
servations  thus  far  obtained,  and  with  llu'iii  a  map  of  the  United  S\Mi». 
with  tbu  Hues  of  cfjual  deviation  of  tbe  uetHlle  drawn  upon  it.    '!'*■) 
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yeara  l&U^r  lie  published  additional  observations  and  a  revised  editioD 
of  this  majt. 

Tbese  were  the  first  |>nblished  magnetic  charte  of  tlie  TTuited  States, 
Mitl  though  the  toaterisU  for  Iheir  conatnictioti  were  not  nnmerous,  aud 
ill  many  coses  those  obtainable  were  not  entirely  trnstwortby.  yet  16 
.years  later,  when  a  map  waa  made  by  the  United  States  Coast  Survey 
frou)  later  and  more  namerons  d»ta.  Professor  Bache  declared  thitt  be- 
tween bis  own  new  map  and  that  of  Professor  lx>omia,  wlien  proper 
allowance  had  been  made  lor  the  secular  changes,  the  "  agre^ient  waa 
Temarkabte." 

The  uortberu  end  of  a  perfectly  balanced  magnetic  needle  tarns  down- 
ff^,and  the  angle  it  makes  wilh  the  horizon  ia  called  the  magnetic 
dip.  This  angle  is  an  important  one,  and  is  obstTved  with  accuracy 
ouly  by  using  an  expensive  instmment,  and  taking  unusual  pains  in 
observing.  Hence  ouly  n  few  observations  of  this  Hement  were  found 
hy  Professor  Loomie.  From  these  however  he  venlureil  w  put  on  hia 
first  magnetic  map  a  few  lines  that  exhibited  the  amount  of  the  dip. 

While  be  was  in  Europe  b<  purchased  a  first-class  dipping  needle  fbr 
Western  Reserve  College,  and  at  H  udson  and  the  neighborhood  in  term 
time,  and  at  other  places  in  vucntion,  be  made  observations  with  this 
needle.  Some  of  these  observations  were  made  before  bia  second  mag- 
Detic  chart  was  published,  and  upon  this  map  were  now  given  tolerably 
good  positions  of  the  lines  of  equal  magnetic  dip.  But  be  continued 
his  observations  for  several  years,  determining  the  dip  at  over  seventy 
stations,  spread  over  thirteen  States,  each  determination  being  the  mean 
of  from  ItiO  to  over  4,000  readings.  These  observntions  were  published 
in  several  sncceseive  papers  in  the  transactions  of  the  American  PhiU 
osophical  Society  at  Pbilailelpbia. 

Various  papers  on  terrestrial  magnetism,  in  continuation  of  hia  earlier 
iavesUgatians,  appeared  in  1842,  in  1844,  in  1847,  and  in  1866,  but 
movements  in  Germany,  England,  and  Russia  bad  meanwhile  been 
tiiaognrat«d,  which  led  to  the  esfablisbment  b^  governments  of  a  score 
of  well-equipped  magnetic  observatories,  and  this  sabject  ))assed  largely 
out  of  private  hands. 

Closely  connected  with  terrestrial  mngnetism,  and  to  be  considered 
with  it,  is  the  aurora  borealig.  In  the  week  that  covered  the  end  of 
Angust  and  the  beginning  of  September,  18d9,  there  occurred  an  exceed- 
ingly brilliantdisplay  of  the  northern  lights.  Believing  tlmt  an  exhaoat- 
ive  (liscnsaioQ  of  a  single  aurora  promised  to  do  more  for  the  promo- 
tiiHi  of  science  than  animpeifect  study  of  an  indefinite  number  of  them, 
Professor  Loomis  undertook  at  once  to  collect  and  to  Collate  accounts 
of  this  display.  A  large  number  of  such  accounts  weresecnred  from 
North  Americn,  from  Euro|ie,  from  Asi»,  and  from  places  in  the  Soatb- 
ern  Hemisphere ;  especially  all  the  reports  from  the  Smithsonia  n  observ- 
ers and  correspondents  were  placed  in  his  hands  by  the  secretary, 
Professor  Henry. 

DcmizedbvCjOOglc 
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'Xh«ae  observatioDS  and  the  disonssioDB  of  them  were  given  to  the 
pnblic  daring  the  following  2  years  in  a  series  of  nine  papers  in  the 
American  Journal  of  Seienet. 

Few  (if  liny)  diaplajra  on  record  were  so  remarkable  as  was  this  oh 
for  brilliancy  and  for  geographical  extent.  Certainly  aboot  no  anron 
Lave  there  been  collected  so  many  facts.  The  display  continaed  fora 
week.  The  luminous  region  entirely  eooircled  the  north  pole  of  ths 
earth.  It  extended  on  this  continent  on  the  2d  of  September  as  fu 
sonth  as  Cuba  and  to  an  nnkuowu  distance  to  the  north.  lu  allitade 
the  bases  of  the  columns  of  ligbt  were  about  50  miles  abore  theetvth^ 
surface,  and  the  streamers  shot  np  at  tipies  to  a  height  of  &00  miles. 
Thus  over  a  broad  belt  on  both  continents  this  large  region  above  the 
lower  atmosphere  was  filled  with  masses  of  luminous  material.  A  dis- 
play similar  to  this,  and  iiossibly  of  equal  brilliancy,  was  at  the  same 
time  witnessed  in  the  Sonthem  Hemisphere. 

The  DJue  papers  were  mainly  devoted  to  the  statements  of  observers. 
Professor  Loomts  however  went  on  to  collect  facts  about  oUkt 
auroras,  and  to  make  inductions  from  the  whole  of  the  materid  tttuB 
brought  together.  He  showed  that  tbere  was  good  reason  for  believing 
that  not  only  was  this  display  represented  by  a  corresponding  one  ui 
tlie  Southern  Hemisphere,  but  that  all  remarkable  displays  in  eitbn 
liemispheie  are  aocompauied  by  corresponding  ones  in  the  other. 

He  showed  also  tlmt  alt  the  principal  phenomena  of  electricity  wen 
developed  during  the  aaroral  display  of  1869;  that  light  was  developed 
in  paasing  from  one  conductor  to  another,  that  beat  in  poor  oonducttMi, 
that  the  peculiar  electric  shock  to  the  animal  system,  the  ezcitemeat  of 
magnetism  in  irons,  the  deflection  of  the  magnetic  needle,  tbe  decom- 
position of  chemical  Bolatioiis,  encb  and  all  were  prodnoed  dnring  the 
auroral  storm,  and  evidently  by  its  agency.  There  were  also  in  Amer- 
ica effects  upon  the  telegraph  that  were  entirely  consistent  with  the 
assumption  previously  maile  by  Walker  for  England,  that  cnrreots  of 
electricity  moved  from  northeast  to  southwest  across  the  conutiy. 
From  tbe  observations  of  tbe  motion  of  auroral  beams,  he  showed  that 
they  also  moved  from  north  northeast  to  south-southeast,  there  being 
thus  a  general  correspondence  iu  motiou  between  the  electrical  curteoti 
and  tbe  motion  of  the  beams. 

When  there  is  a  special  magnetic  disturbance  at  any  place,  there  ia 
usually  a  similar  one  at  all  other  neighboring  places.  But  these  dia- 
tnrliances  do  not  occur  at  the  several  places  at  the  same  instant  of  time. 
Professor  Loomis  showed  that  in  the  United  States  they  take  place  in 
succession  as  we  go  from  noriheaat  to  southeast,  tbe  velocity  of  tbe 
waveof  disturbance  being  over  10()  miles  per  miunte.  The  waves  of 
magnetic  irregularities  were  thos  connected  with  tbe  electrical  cnrrent 
and  with  the  drifting  motions  of  the  streamers  in  the  aaroral  displar. 

As  incident  to  this  discussion,  he  collected  all  available  observation 
of  auroras,  and  be  deduced  from  them  the  annual  Dumber  of  aaroiM 
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Tjgible  at  eacb  place  of  observation.  Tbese  Dombers,  wbea  written 
apon  »  chart  of  the  Northera  Hemiaphere,  showed  that  auroras  were 
by  DO  meaua  equally  distribnted  over  the  earth'u  surface.  It  was  fouud 
that  the  region  in  which  they  occurred  most  frequently  was  a  belt  or 
utne  of  moderate  breadth  and  of  oval  form,  inclosiug  the  North  Polo  of 
the  earth,  and  also  the  North  Magnetic  Pole.  It  was  therefore  mnch 
farther  south  iu  the  Western  flemisphere  than  in  the  Eastern.  Along 
the  central  line  of  this  belt  there  are  more  than  eighty  auroras  annually, 
bnt  on  going  either  north  or  south  from  the  central  line  of  that  belt 
the  nnwber  diminishes. 

In  1870,  Professor  Loomis  published  a  paper  of  importance  relating  to 
terrestrial  magnetism,  in  which  he  showed  its  connection  and  that  of 
the  aurora  with  spots  on  the  sun.  That  the  spots  on  the  sun  had  peri- 
ods of  maximum  and  minimom  development  hatl  long  been  known. 
Lamont  had  noticed  a  periodicity  in  the  magnetic  diurnal  variations, 
Sahiue  and  Wolf  and  Gautliier  had  noticed  that  the  two  periodicities 
were  allied.  The  connection  of  the  period  of  solar  spots  with  coujiiuc- 
lion  and  opposition  of  certain  planets  had  been  showu  by  Oe  La  Rue 
and  Stewart.  l>rofessar  Loomis  uudertook  an  exhaustive  examination 
of  the  facts  that  tended  to  confirm  or  refute  the  propositions  that  ha<l 
been  advanced.  He  confirmed  and  added  to  the  conclusions  of  Messrs. 
De  La  Rae  and  Stewart.  He  also  brought  together  such  fact^  as  were 
relevant  to  the  question,  aud  he  showed  that  the  regular  diurnal  vari- 
ation of  the  magnetic  needle  was  entirely  independent  of  the  solar 
spots,  hot  that  those  disturbances  that  were  excessive  in  amount  were 
almost  exactly  proportional  to  the  spotted  surface  of  the  snn.  Lie  also 
showed  that  great  disturbances  of  the  earth's  magnetism  are  accom- 
puiied  by  nnusaal  distorbances  on  the  sun's  snrface  on  the  very  day  of 
the  storm. 

Various  forms  of  periodicity  in  the  aurora  have  frequently  been  sug- 
gested. Professor  Loomis,  from  all  available  accounts  of  the  aurora, 
vas  able  to  show  that  while  in  the  center  of  the  zone  of  greatest  auro- 
ral frequency  auroras  might  be  visible  nearly  every  night,  and  hence 
that  |>eriodicity  could  uot  easily  be  shown  by  means  of  numbers  of 
auroras  recorded  in  such  places,  yet  that  such  periodicity  was  distinctly 
traceable  at  places  where  the  average  number  seen  was  about  tweuty 
or  twenty-five  a  year.  The  times  of  maxima  and  minima  of  the  solar 
spots  were  seen  to  correspond  in  a  remiirkable  nianuLT  with  the  max- 
ima and  minima  in  the  frequency  of  auroral  displays  in  these  middle 
latitudes.  Also  from  the  daily  observations  made  by  Messrs.  Herrick 
and  Bradley  at  New  Haven  during  17  years,  he  concluded  that  auroral 
displays  in  the  middle  latitudes  of  America  are  generally  accompanied 
by  an  unusual  disturbance  of  the  sun's  surface  on  the  very  day  of  the 
aurora.  The  magnetism  of  the  earth,  the  aurora  borealis,  and  the 
spots  on  the  sun,  have  thus  all  three  a  casual  connection,  and  nppar- 
eotly  that  connection  is  closely  related  to  the  conjunctions  aud  opposi- 
tions of  certain  planets.  CtOoi^Ic 
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Shortly  aft«r  the  imhlicition  of  this  raemoir,  Profesaor  Loveriogpa^ 
lisbed  bis  extensive  catalogue  of  auroras.  A  further  Uiscusaiou  of  the 
l>erio()icit,v  of  the  auroriia  was  UDdertakeu  by  Professor  Loomis  and 
publiubed  in  1873.  lu  tills  be  made  use  of  all  the  auroras  recorded  Id 
Profestior  Ijorerine's  catalogue.  They  confirmed  -his  previous  conelo- 
sious,  only  slight  toodiflcatlons  beiug  required  by  the  uew  facts  pie> 
seuted,  and  by  tbeir  more  systematic  collation. 

lu  these  papers,  as  iu  most  of  his  pai>ers  upon  other  subjects.  Profes- 
sor Loomis  was  ever  iutctit  upon  anstverinfi;  the  questious :  What  are 
the  laws  of  uaturet  What  do  the  phenomena  teach  usT  To  estauiidi 
laws  which  had  beeu  already  formulated  by  others,  but  which  still 
needed  conhrtiiatiou,  was  to  him  equally  important  with  the  formnlatioo 
and  proof  of  laws  eutirely  new. 

Let  us  now  turn  to  auotber  im]M>rtaut  line  of  Professor  Loomi^ 
work — astronomy.  As  I  have  said,  he  was  early  interested  in  the 
shooting  stars.  Iu  October,  1831,  he  read  a  paper  before  the  Connect- 
icut Academy  of  Arts  aud  Sciences  ui>ou  this  subject,  probably  iu  sab- 
stance  that  which  was  shortly^  afterward  published  ia  the  Anteriean 
Journal  of  Seimee.  The  publisbeil  paper  is  principally  a  re-statemeat 
of  the  observations  made  in  Germany  in  1823,  by  Brandes  in  conoeit 
with  his  pupils  for  determining  bhe  patboof  the  stars  tbroogb  the  atmos- 
phere, together  with  methods  of  computation.  From  tbe  results  at 
Brandes's  observatious,  however,  be  deduces  an  argument  for  the  cos- 
mic charaeler  of  the  shooting  stiirs.  One  month  after  reading  this 
paper  to  the  Connecticut  Academy  lie  eugaiied  in  similar  concerted 
ol>8ervation8  with  Professor  Twining,  who  was  then  residing  near  West 
Point,  New  York.  These  were  only  moderately  succesHful,  but  tbey 
were  the  first  observations  of  the  kind  undertaken  iu  America. 

During  tiie  senior  year  of  his  college  course  thero  arrived  at  Ne« 
Haven  the  5  inch  telescope,  given  to  the  college  uy  Mr.  Sheldou  Clark, 
constructed  by  Uollaud.  This  iuatrument  was  much  larger  thau  any 
telescope  then  in  tlie  country.  It  was  temporarily  placed  in  the  Atbe- 
neum  tower,  where  it  was  mounted  ou  castors  and  wheeled  to  the  win- 
dows for  use.  This  temporary  abode  it  occupied  however  for  over  30 
years.  Iu  spite  of  its  miserable  location  it  was,  in  the  decade  follow- 
ing its  installment,  a  power  in  the  developuientof  the  study  of  aslrou- 
omy  iu  the  college.  The  lives  and  works  of  Bxrnanf ,  and  Ijoomin,  and 
Mason,  ami  Uerrick.and  Lyman,  and  Chanveuet,  aud  Hubbard,  andof 
other  graduates  of  the  college  prove  this.  What  rich  returns  for  Mr. 
Sheldon  Clark's  *l,200 investment ! 

In  183.5,  the  return  of  Ualley's  comet  had  been  predicted,  and  its  ap- 
pearance was  eugerly  expected  by  astronomers  and  the  pnblic;  Pn>- 
fessor  Olmsted  and  Tutor  Loomis  first  in  this  country  caught  sight  of 
the  stranger,  and  throughout  its  course  they  noted  its  physical  appear 
ances.  With  snch  means  as  he  bad  at  command,  Mr.  Loomis  observed 
the  body's  place,  and  compnted  from  his  obseivatious  the  orbit. 
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ThelaUtude  aod  longitude  ot'aaobservatory  nreconxtatiU  tobeearly 
deUriaioed.  These  wt-re  measured  by  President  Day  for  Yale  College 
iulSll.  In  the  summer  of  1835,  Tutor  Loomis,  with  such  iustrumeuts 
astbecollegepoBsessed,  a  sextant  and  a  small  portable  transit,  made 
namerous  observatious  of  Potaria  for  laliuide,  and  several  moon  cuhni- 
Dationa  for  loogitade.  From  these  be  couiimteti  the  latitude  and  longi- 
tade  of  the  Atheueum  tower.  The  loDgitiido  from  Grcenwicb,  though 
obtaiaed  from  a  small  number  of  observations,  differa  less  than  2 
seconds  of  time  from  our  best  determinations  to  day. 

While  iu  Europe  in  183C-'37,  Professor  Loomis,  as  I  have  said,  bought 
for  Western  Reserve  College  the  instruments  for  an  observatory.  Th^ae 
vere  a  4-inch  equatorial,  a  transit  instrument,  and  an  astronomical 
clock.  On  bis  return  he  erected,  iu  1837,  artmall  observatory  at  Hudson, 
and  in  September,  1838,  began  to  use  the  instruments.  He  had  no 
assistant,  anil  by  day  had  a  full  allotment  of  college  work.  Two  huu- 
died  and  sixty  moon  culminations  and  sixteen  occultations  observed 
for  longitnde,  sisty-niue  culminations  of  Polaris  for  latitude,  along  witb 
observations  on  Qve  comets  sufficiently  extended  for  a  computation  of 
tbeir  orbits ;  these  attested  his  activity  outside  of  his  required  duties. 
Some  years  later,  when  the  corresponding  European  observations  were 
made  public,  he  prepared  an  elaborate  discussion  of  these  longitude  ob- 
Bervations,  and  publisheil  in  it  QouWa  Astronomical  Journal.  A  sixth 
comet  waA  observed  by  him  at  Hudson  in  1850. 

It  may  not  seem  a  very  large  output  of  work  iu  six  years' time  to  have 
determined  the  location  of  the  observatory,  and  to  have  observed  five 
comets.  But  we  must  recollect  that  the  telegraph  had  not  then  been  In- 
veuted,  tbat  the  exact  determination  of  the  longitude  of  a  single  point 
iu  the  western  country  bad  a  higher  value  then  than  it  can  liave  now, 
and  that  it  could  be  obtained  only  by  alow  and  tedious  methods.  These 
were  moreover  days  of  small  things  in  astrouomy  in  this  couutry.  At 
Tale  College  we  had  a  telescope  but  not  an  observatory.  At  Williams- 
town  ao  observatory  had  been  constructed,  but  it  was  used  for  iustruc- 
tiOD,  not  for  original  work.  At  Washington  Lieutenant  Gilliss,  and  at 
Dorchester  Mr.  Bond,  were  commissioned  by  theOovernmentin  183S  to 
observe  moon  culminations  iu  correspondence  with  the  observers  lu  the 
Wilkes  exploring  expedition  for  determining  their  longitude.  These 
two  prospective  sets  of  observations,  both  of  them  under  Government 
auspices  and  pay,  were  the  ouly  signs  of  systematic  astronomical 
activity  in  the  United  States  ontsido  of  Hudson,  when  in  1838  Professor 
Loomis  began  liis  observing  there.  In  his  iuaugural  address  he  asks : 
"  Where  now  is  our  American  observatory  f  Where  throughout  this 
rich  and  powerful  nation  do  you  find  a  single  spot  where  astronomical 
observations  are  regularly  and  systematically  made  t  There  is  no  sucb 
spot."  Wheu  he  left  Hudson  in  1844,  the  situation  was  not  largely 
changed.  Mr.  Bond  had  removed  his  instruments  and  work  to  Cam- 
bridge.   The  High  School  Observatory  at  Philadelphia  had  bveu  erected 
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and  MesBTS.  Walker  and  Kendall  were  using  its  instramenta.  Prores- 
sor  Bartlett  bad  bnilt  the  observatory  nt  West  Point,  and  had  begnu 
to  observe  there.  Lieutenant  Gilliss  after  years  of  excellent  work  ia 
the  little  establisbment  on  Capitol  Hill  had  just  floishe^l  the  prcMOt 
IJTaval  Observatory  building  at  Washington,  Professor  Mitchell  had 
begnn  to  build  the  Cincinnati  Observatory,  and  the  Georgetown  obser- 
vatory building  bad  been  erected.  Proressor  Loomis's  work  at  Hadaon 
should  be  measnred  by  what  others  were  doing  at  the  time,  rather  Uian 
by  the  larger  performance  of  to-day. 

In  the  BummeF  of  1844,  the  year  in  which  Professor  Loomis  came  to 
New  York,  a  new  method  in  astronomy  had  its  first  beginniogB.  Ttie 
telegraph  line  bad  jnst  been  built  between  Baltimore  and  Washingtoo, 
and  Captain  Wilkes  at  Baltimore  compared  his  chronometer  by  tele- 
graph with  one  at  Washington,  and  so  determined  the  difference  of 
longitude  of  the  two  places. 

Professor  Bach  was  now  Superintendent  of  the  Coast  Survey,  sod  he 
determined  at  once  to  use  the  new  method  for  the  purposes  of  Ute  sur- 
vey. To  Mr.  Sears  G.  Walker  was  committed  thedirectionof  thewarik, 
but  scarcely  less  important  were  the  services  of  Professor  Loomis,  who 
for  three  eampaigns  brnl  charge  of  the  end  of  the  lines  in  Jersey  City 
and  New  York.  Their  first  partially  successful  efforts  were  made  io 
1846,  but  the  practical  difficulties  were  overcome  and  entire  sacoeBS 
was  obtained  by  them  in  1847  and  1848.  In  these  years  the  difiier- 
ences  of  longitude  of  Washington,  Philadelphia,  New  York,  and 
Cambridge  were  thus  determined  with  an  accuracy  far  greater  than 
any  previous  similar  determination  whatsoever. 

The  next  snmmer,  that  of  1849,  Professor  Loomis  assisted  in  a  like 
work  to  connect  Hudson,  Ohio,  with  the  eastern  stations.  His  obser- 
vations of  moon  culminations  at  Hudson  were  thus  available  eqnall; 
with  those  made  at  Philadelphia,  Washington,  i>urchester,  and  Cam- 
bridge for  determining  the  absolute  longitudes  of  Atlantic  station 
from  Greenwich.  It  was  not  until  1852,  that  Enropeon  aatroaomets 
began  to  use  these  telegraphic  methods  in  measariog  lougitadee. 

In  1850,  Professor  Loomis  published  a  volnme  on  the  "Beoent  prog- 
ress of  astronomy,  especially  in  the  United  States."  A  first  and  a 
second  edition  was  soon  exhausted,  and  in  1856,  the  volume  was  entirely 
re-writteu  and  very  much  enlarged.  Some  of  the  topics  in  these  volnmes 
were  the  subjects  of  articles  communicated  from  time  to  time  to  the 
public  in  the  American  Journal  of  8cie»ee,  Harper'g  Magaiine  and  aOtez 
periodicals.  Another  important  contribution  to  astronomy  a[>i»eared 
in  I860,  that  is,  bis  "  Introduction  to  practical  astronomy."  Eminent 
astronomers  in  England  and  America  have  expressed  in  the  higbeet 
terms  their  praise  of  this  book.  Though  it  is  now  35  years  since  iu 
first  appearance,  and  many  treatises  on  the  same  subject-,  some  elab- 
orate and  some  elementary,  have  since  been  published,  yet  for  an  ia- 
troductiou  to  practical  work  I  believe  that  a  stadeut  will  find  this  rol- 
nme  better  than  any  other  for  bis  Qses  at  the  beginning  of  bis  ooat» 
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The  increase  of  oar  kaovledge  iu  astronomy  wew,  from  first  to  last, 
aa  object  of  special  interest  to  Professor  Looiais.  Before  be  left  New 
York,  the  income  from  bis  text  books  enabled  him  to  make  to  Yale  Col- 
lege the  generous  offer  of  coming  to  New  Haven  and  working  in  an 
observatory  at  his  own  chargeH,  provided  a  suitable  observitory  slionid 
be  coDStrncted  and  equipped  for  him.  Unfortunately,  the  college  was 
not  able,  altbough  it  was  greatly  desiroas  of  doing  it,  to  avail  itself  of 
bie  generons  offer.  Near  the  same  time  be  joined  with  public  spirited 
dtizens  of  New  York  in  an  effort  to  establish  an  astronomical  observa- 
tory iu  or  near  that  city,  and  for  that  purpose  an  act  of  incorporation 
was  obtained  from  tbe  New  York  State  legislature.  After  coming  to 
New  Haven,  he  always  took  the  warmest  interest  in  the  plans  of  Mr. 
WJDebester  for  tbeeeteblisbment  of  an  observatory  in  connection  with 
Tale  University.  His  counsel  and  assistance  have  been  instrumental, 
more  than  the  public  could  know,  iu  producrug  and  preserviug  what- 
everof  valne  has  been  develojied  in  that  observatory. 

The  science  of  meteorology  bas  however  been  that  in  which  Professor 
Loorain  has  made  the  most  important  contributions  to  human  knowl- 
edge. 

Shortly  after  his  graduation  in  1830,  and  beforo  he  entered  upon  the 
tutorship,  there  appeared  the  first  of  a  long  series  of  papers  by  Mr. 
Bedfteld,  of  New  York  City,  u[H)n  the  theory  of  storms.  In  the  last 
year  of  bis  tutorship  there  ap[ieared  also  the  first  of  a  like  remarkable 
series  of  papers  on  tbe  same  subject  by  Professor  Espy,  of  Philadel- 
phia. Two  rivAl  theories. were  advocated  by  these  two  men,  and  these 
theories  became  the  subject  of  no  little  discussion  in  scientific  meetings, 
and  in  scientific  journals,  for  a  long  period  of  years.  Professor  Loomis 
had,  from  their  very  inception,  taken  a  warm  interest  in  these  discus- 
sions, and  the  subject  of  meteorology,  and  in  particular  its  central 
problem  the  theory  of  storms,  held  in  his  tboaght  and  work  the  first 
place  from  that  time  to  tbe  day  of  bis  death. 

In  bis  visit  to  Eurot>e  (the  year  before  he  went  to  Hudson),  he  pur- 
chased a  set  of  meteorological  instraments,  and  for  several  years  in 
Hudson  be  steadily  performed  the  uatarally  irksome  task  of  making 
twice  each  day  a  complete  set  of  meteorological  observations.  A  few 
weeks  after  be  entered  npoii  bis  professorship  iu  Hudson  a  tornado 
passed  5  miles  from  that  place,  and  he  went  out  immediately  to  exam- 
ine the  track  and  learn  what  facts  be  conld  that  should  bear  upon  the 
theory  of  the  tornado.  The  results  were  valuable,  but  he  was  not  alto- 
gether satisfied  with  them.  They  led  him  however  to  uudertake  the 
discussion  of  one  of  tbe  large  storms  that  covered  tlie  whole  United 
States. 

For  this  porpose  be  selected  the  storm  which  had  occurred  near  the 
20th  of  December,  1836,  Sir  Johu  Herscbel  had  recommended  thai 
hoarly  observaliods  be  taken  by  all  meteorological  observers  on  four 
term  days  in  the  year,  that  is,  observations  for  thirty-six  snccessivd 
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hours  at  each  equiuox  and  each  solotice.  This  titorm  fell  p»rtl;  iipoD 
ooeof  thesti  term  days.  Professor  Looiois  set  to  work  to  collect  uUtbe 
meteorological  observations  made  during  the  veek  of  the  storm  tlintk 
could  obtain  tVom  all  parta  of  the  Uuited  States,  and  from  some  atatiuDH 
in  Oauada.  The  discussiou  resulting  therefrom  was  read  in  Marcb, 
1840,  before  the  American  Philosophical  Society  at  Philadelphia. 

Let  us  for  a  little  while  considertheamoniitofkuowledge  of  the  facte 
abont  storms  in  our  possession  in  IMU,  the  date  when  this  memoir  was 
read  and  an  abstract  of  it  published  in  Philadelphia.  Pranklichad 
noted  the  motion  of  storms  from  southwest  to  northeast.  He  said:* 
"Our  northeast  storms  in  Jforth  America  begin  first  in  point  of  time  in 
the  southwest  parts,  that  in  to  say,  the  air  in  Georgia,  the  fartbustof 
our  colonies  to  the  southwest,  begins  to  move  southwesterly  before  the 
air  of  Carolina,  which  is  the  nest  colony  northeastward;  the  air  of 
Carolina  has  the  same  motion  before  the  air  of  Virginia,  which  lies  still 
more  northeastward ;  and  so  on  northeasterly  through  Pennsylvaaia, 
New  York,  New  England,  etc.,  quite  to  Newfoundland."  Bedfield  bad 
traced  several  storms  along  the  West  India  Islands  northwesterly  qq- 
til  about  iu  the  latitude  of  30°  thejr  course  was  turned  quite  ahmptly 
and  they  swept  off  northeasterly  along  the  Atlantic  coast  toward  aud 
even  past  Newfoundland.  Espy  found  some  storms  moving  easterly  or 
south  of  east  from  the  Mississippi  to  the  Atlantic. 

Brandes  had  announced  as  a  law  that  the  wind  in  storms  blove 
inward  toward  a  center,  but  his  law  was  an  induction  from  a  small 
number  of  observations.  Dore  had  contended  for  a  whirling  motiou. 
Bedfield  advanced  facts  to  show  that  the  winds  blew  in  circles  aati- 
clockwise  around  a  center  that  advanced  in  the  direction  of  the  preva- 
lent winds,  and  with  him  agreed  Beid,  Piddington,  and  others.  Espy, 
agreeing  with  Brandes,  claimed  that  the  observations  in  the  varions 
storms  showed  a  centripetal  motiou  of  the  winds  toward  a  ce')ter  if  the 
region  covered  by  the  storm  was  round,  and  toward  a  central  line  if 
the  storm  region  was  longer  in  one  direction  than  in  another.  Espy's 
conclusions  were  intimately  connected  with  his  theory  that  in  the  center 
of  the  storm  there  was  an  upward  motion  of  the  air,  aud  that  the  em- 
deusatiou  of  vapor  into  rain  furnished  the  energy  needed  for  the  con- 
tinnatiun  of  the  storm.  The  rival  theories  of  Kedfleld  and  Espy  were  in 
sharp  contest  on  several  points,  but  the  main  contention  was  aruaud 
this  central  question :  Do  the  winds  blow  in  circular  whirls  or  do  they 
blow  in  toward  a  ceuterl  New  York  State  was  collecting  observatJons 
from  the  academies.  The  American  Philosophical  Society  and  the 
Franklin  Institnte,  aided  by  an  appropriation  from  the  State  of  Peuo- 
sylvauia,  had  united  iu  an  effort  to  learn  the  facts  and  the  trae  tbtorj 
of  storms. 

Under  such  circumstances  the  thorough  discussion  of  a  single  Tiokat 
storm  was  likely  to  add  materially  to  our  knowledge.    The  treatment 
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of  tihia  storm  by  Professor  LoomiB  waa  probably  more  complete  than 
that  of  any  previous  one,  aud  the  methods  which  he  employed  were 
better  fitted  to  elicit  the  truth  than  noy  earlier  methods.  Bat  the  storm 
was  a  very  large  oue,  extending  from  the  G-ulf  of  Mexico  to  nu  unknown 
ilistanue  uortb,  and  having  ira  center  apparctilly  to  the  north  of  all  the 
observers.  The  results  which  he  wns  able  to  secure  did  not  sustain 
either  of  the  two  rival  theories,  but  rather  tended  to  prove  some  fea- 
tures in  each  of  tbeui.  ProlVssor  Looniis  was  not  himself  satisfied 
vith  them,  and  he  therefore  watted  for  another  storui  that  should  be 
better  fitted  for  examination. 

Ill  the  month  of  February,  1^43,  a  second  tornado  passed  over  nortb- 
eastem  Ohio,  and  Profetiaor  Loomis  with  one  of  bis  colleagues  again 
started  out  for  the  esamiuatiou  of  the  track.  The  toriiado  passed  over 
a  piece  of  woods,  anil  hence  the  positions  of  the  prostrate  trees  showed 
dearly  the  motion  of  tfae  wiud  in  the  passing  tornado  and  threw  much 
light  upon  the  character  of  this  kind  of  storm.  But  the  tornado  was  a 
single  feature  of  a  large  etorm  that  covered  the  whole  country,  aud  a 
seeoud  storm  of  great  intensity  was  also  experienced  in  the  same 
month. 

The  discussion  of  these  two  storms  was  now  undertaken  by  him.  The 
[Killer  giving  the  results  of  that  discussion  was  sent  to  Professor  Bacbe 
and  read  by  him  at  the  centennial  meeting  of  the  American  Philosoph- 
ical Society  iu  May,  1843,  aud  created,  as  Professor  Bache  wrote,  a  great 
aeosatiOD,  It  was  at  the  time  important  for  the  light  which  it  threw 
upon  the  rival  contending  theories  of  Espy  and  of  lied&old,  but  it  was 
more  imitortant  by  far  by  reason  of  the  new  method  of  investigation 
then  for  the  first  time  employed. 

In  the  paper  upon  the  storm  of  1S36,  Professor  Looniis  had  made  some 
advance  upon  previous  metboils  of  representing  the  facts  about  storms. 
Bnteven  the  method  he  then  used  was  entirely  unfitted  to  give  an- 
swers to  the  questions  which  meteorologists  were  asking.  9onie  of 
tbose  questions  were  stated  in  circulars  issued  by  the  joint  committee 
of  the  American  Philosophical  Society  aud  the  Franklin  Institute: 
What  are  the  phases  of  the  great  storm?  of  rain  and  snow  that  traverse 
our  continent;  what  their  6ha[ie  and  size;  in  what  direct iou  aud  with 
what  velocity  do  their  centers  move  along  the  surface  of  the  earth ;  are 
they  ronnd  or  oblong  or  irregular  in  shape;  do  they  move  in  different 
directions  in  different  seasons  of  the  year  1 

The  graphic  representation  by  Frofi'ssor  Loomis  on  the  map  of  the 
United  States  of  the  storm  of  1836,  bad  been  a  series  of  lines  drawn 
joiniug  the  places  where  at  a  giveu  hour  the  barometer  was  at  its  low- 
est point.  That  line  vould,  so  far  as  the  barometer  was  concerned, 
mark  for  that  hour  the  central  line  of  the  storui.  The  progress  of  the 
line  from  hour  to  honr  on  the  map  sJtowed,  quite  imperfectly,  how  the 
storm  bad  traveled.  Some  arrows  added  showed  to  the  eye  also  cer- 
tain facts  about  the  movements  of  the  air. 
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Proft-ssor  Espy  adopted — apil  tbereafturwlbered  to — a modiflcatioo of 
this  method  of  representing  btorru  plieDomena,  and  I  tbiuk  meteorolo- 
gists will  agree  with  me  in  my  opitiion  that  Professor  Espy'sfonrrepotts 
from  1842  to  1854,  thongb  they  contained  an  immense  accumulation  of 
facttt,  were  becanse  of  this  radical  defect  of  preseDtation  almost  useless 
to  meteorologicitt  science. 

In  the  discussion  of  the  storms  of  1842,  instead  of  the  line  of  minimmii 
depression  of  the  barometer,  Professor  Loomis  drew  on  the  mapaacricB 
of  lines  of  equal  barometric  pressure,  or  rather  of  equal  denstioos 
from  the  normal  average  pressure  for  each  place.  A  series  of  ma|>s  rep- 
resenting the  storm  at  successive  intervals  of  twelve  hours  were  thos 
constructed,  upon  each  of  which  was  drawn  a  lino  through  all  places 
where  the  barometer  stood  at  its  normal  or  average  height.  A  second 
line  was  drawn  through  all  phwes  where  the  barometer  stood  0.2  d 
an  inch  below  the  normal,  and  other  lines  through  points  where  the 
barometer  was  0.4  below,  0.C  below,  U,8  below,  etc. ;  also  lines  wen 
drawn  through  those  points  where  the  barometer  stood  0.2, 0.4, 0.6,  etc., 
above  its  normal  height.  The  deviations  of  the  barometric  pressure 
from  the  normal  were  thns  made  prominent,  audallotherphenomeuaof 
the  storm  were  regarded  as  related  to  those  barometric  lines.  A  series 
of  colors  represented  respectively  the  places  where  the  sky  was  clear, 
where  the  sky  was  overcast,  and  where  rain  or  snow  was  falling.  A 
scries  of  lines  represented  the  places  at  which  the  temperatare  was  at 
the  normal,  or  was  10  or  20  or  30  degrees  above  the  normal,  or  below 
the  normal.  Arrows  of  proper  direction  and  length  representetl  the 
direction  and  the  intensity  of  the  winds  at  the  different  stations.  These 
successive  maps  tor  the  three  or  fonr  days  of  the  storm  furnished  to  the 
eye  all  its  phenomena  iu  a  simple  and  most  effective  manner. 

You  have  no  doubt,  most  of  you,  already  recognized  in  this  descrip- 
tion the  charts,  which  to-day  are  so  common,  issued  by  the  United  States 
Signal  Service,  and  by  weather-service  bureaus  in  other  couDtxies. 
The  method  seems  so  natural,  that  it  should  occur  to  any  |>cr&on  who 
has  the  snbject  of  a  storm  under  consideration.  But  the  greatest  in- 
ventions are  oft-times  the  simplest,  and  lam  inclined  to  believe  thattbe 
introduction  of  this  single  method  of  leprescntiug  and  discussing  the 
phenomena  of  a  storm  was  the  greatest  of  the  services  which  onrcirf- 
league  rendered  to  science.  This  method  is  at  the  foundation  of  wfaat 
js  sometimes  called  "  the  new  meteorology,"  and  the  pai)er  which  coo- 
tains  its  first  presenttitiou  stands  forth,  I  am  convinceil,  as  the  most 
important  paper  in  the  history  of  that  science.  1  regret  that  I  can  not 
aid  my  memory  by  quoting  the  exact  words,  but  I  remember  distinvtly 
what  seemed  to  me  an  almost  despairing  expression  made  many  yean 
ago  by  one  who  bad  high  responsibility  in  the  matter  of  meteorolofnol 
work,  as  be  looked  out  upon  the  confused  mass  of  observations  almdy 
made,  and  felt  unable  to  say  in  what  direction  progress  was  to  be  ex- 
I>ected.     With  this  I  contrast  the  bnoynntezpre8»ion8.of  anotheroffleer 
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charged  with  Itfcc  responsibility,  as  be  showed  me,  ooe  or  two  decades 
later  (in  1869),  charts  constructed  tike  those  of  Professor  Loomis,  and 
said, "  I  care  not  for  the  mass  of  observations  made  in  the  usual  form. 
What  I  want  is  the  power  and  the  material  for  making  such  charts  as 
these."  These  two  expressions  of  Sir  George  Airy  and  of  LeVerner 
mark  the  progress  and  the  direction  of  progress  iu  meteorology  devel- 
oped by  Professor  Loomis's  memoir. 

What  was  his  own  judgment  of  the  method  at  the  time  of  its  publi- 
cation and  its  value  in  meteorology  cau  be  seen  Amqi  his  words  at  the 
close  of  the  memoir,  which  I  beg  permission  to  quotA : 

"  It  appears  to  me  that  if  the  counie  of  inveBtigations  adopted  with 
respect  to  the  two  storms  of  February,  1S42,  was  systematically  pursued 
Teahould  soon  have  some  settled  principles  in  meteorology.  If  we  could 
be  fnrnisbed  with  two  meteorological  charts  of  the  United  States  daily 
for  one  year,  charts  showing  the  state  of  the  barometer,  thermometer, 
niods,  sky,  etc,  for  every  part  of  the  country  it  would  settle  forever  the 
lavs  of  storms.  No  false  theory  could  stand  against  such  an  array  of 
testimony.  Such  a  set  of  maps  would  be  worth  more  than  all  which  has 
lieen  hitherto  done  in  meteorology.  Moreover  the  subject  would  be 
irell-nigh  eshaasted.  But  one  year's  observation  would  be  needed, 
fhe  storms  of  one  year  are  probably  but  a  repetition  of  those  of  the 
preceding.  Instead  theu  of  the  guerrilla  warfare,  which  has  been  maiu- 
:med  for  centuries  with  IndiETerent  success,  although  at  the  expense 
)r  great  self-devotion  on  the  part  of  individual  chiefs,  is  it  not  timo  to 
imbarkin  a  general  meteorological  crusade  1  A  well-arranged  system  of 
>b8ervations  spread  over  the  country  would  accomplish  more  in  one 
rear  than  observations  at  a  few  isolated  posts,  however  accurate  and 
tomplete,  continued  to  the  end  of  time.  The  Uuited  States  are  favor- 
ably situated  for  such  an  enterprise.  Observations  spread  over  a  smaller 
erritory  would  be  inadequate,  as  they  would  not  show  the  extent  of 
my  large  storm.  If  we  take  a  snrvey  of  the  entire  globe  we  shall  search 
u  vain  for  more  than  one  equal  area  which  could  be  occupied  by  the 
ame  number  of  trusty  observers.  In  Europe  there  is  opportunity  for 
■  like  organization,  but  with  this  incumbrance,  that  it  must  needs  em- 
>race  several  nations  of  different  languages  and  governmeuts.  The 
Joited  States  then  afford  decidedly  the  most  hoijeful  field  for  such  an 
Dterprise.  Shall  we  hesitate  to  embark  in  it;  or  shall  we  grope  tlm- 
lly  along  as  iu  former  years  1  There  are  but  few  questions  of  science 
rhich  cau  be  prosecuted  iu  this  country  to  the  same  advantage  as  iu 
Europe.  Here  is  one  where  the  advantage  is  iu  our  favor.  Would  it 
lot  be  wise  to  devote  our  maiu  strength  lo  the  reduction  of  this  for- 
resst  We  need  observers  spread  over  the  entire  country  at  distances 
rom  each  other  not  more  than  50  miles.  This  would  require  five  or  six 
undred  observers  for  the  United  States.  About  half  this  number  of 
egisters  are  now  kept  in  one  shape  or  another,  and  the  number  by  suit- 
blo  efforts  might  probably  be  doubled.    Suiwrvision  is  ueeded  to  iii' 
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trotluce  anifonDity  thronghoat  and  to  render  some  of  the  registera  nne 
complete.  Is  not  siicb  an  enterprise  worthy  of  tlie  Americao  Philo- 
BOpbicul  Society  1  The  Oeneral  Oovemment  has  for  morethaDSOjwn 
done  aomething  and  baa  lately  maoifested  a  disposition  todonHmfiff 
tbis  object  If  prirate  zeal  coald  be  more  generally  enlisted  the  rai 
might  soon  be  ended  and  men  would  cease  to  lidicule  the  idea  of  ou 
beiug  able  to  predict  an  approaching  storm.^ 

This  plan  of  a  systematic  meteorological  campaign  was  ooidialtf 
seconded  by  ProfiBasors  Baobe  and  Peirce.  At  a  somewhat  later  date 
tlie  AinericaD  Academy  of  Sciences,  of  Boston,  apjKiinted  a  committee, 
of  which  Professor  Loomis  was  cbairraan,  to  arge  npon  the  proper  ■■• 
tfaorities  the  ezecntion  of  tbe  plan.  The  American  Pbiloeophiol  So- 
ciety, of  Philadelphia,  united  its  voice  with  that  of  tbe  Academy.  Abod 
this  time  Professor  Henry  was  made  Secretary  of  the  Bmithsonian  !»■' 
stitotioD.  He  determined  to  make  American  meteorology  one  of  tte 
leading  subjects  of  investigation  to  be  aided  by  the  InadtatioD.  ii 
Professor  Henry's  reqnest,  Professor  Loomis  prepared  a  report  opo 
tbe  meteorology  of  the  United  States,  in  which  he  showed  what  td- 
vantages  society  might  expect  from  the  study  of  tbe  phenomena  d 
fltonns;  what  bad  been  done  in  this  country  toward  making  the  neeat 
sary  observations  and  toward  deducing  from  them  general  laws;  ut 
finally,  what  encouragement  there  was  to  a  further  prosecution  of  tia 
same  researtibes.  He  then  presented  in  detail  a  practicable  plan  fir 
securiBg  the  hoped-for  advantages  in  their  fullest  extent. 

This  plan  looked  to  a  unifying  of  all  the  work  done  by  ei:i8tJnf:olK 
servers,  a  systematic  supervision,  a  supplementing  of  it  by  nev  ob- 
Bervers  at  needed  poiuts,  a  securing  of  tbe  co6t>eration  of  the  Briciii 
Government  and  tbe  Hudson's  Bay  Conipany  in  the  regions  to  the  noitk 
of  us,  and  finally  a  thorough  discussion  of  the  observations  collected 
A  siege  of  3  years  was  contemplated.  lu  the  history  of  tbe  aevad 
steps  that  finally  led  to  the  establishment  of  the  United  States  Sigml 
Service  this  report  has  an  important  place. 

The  scheme  laid  down  by  Professor  Loomis  was  in  part  followed  oit 
by  the  Institution,  but  the  fragmentary  character  of  tbe  observstioiH, 
the  want  of  systematic  distribntioo  of  tbe  places  of  the  observers,  and 
tbe  imperfections  of  the  barometers  made  the  material  collected  difficult 
of  discussion.     Professor  Loomis  waited  in  boi>e8  of  some  better  eystcm. 

In  1854,  Professor  Loomis  undertook  a  re-discussion  of  the  storm  d 
1836,  using  the  uew  methods  introduced  for  treating  the  storms  of  I8tf 
A  visit  to  Europe  shortly  after  enabled  him  to  collect  a  large  nnmb*^ 
of  observations  npon  a  storm  or  series  of  storms  that  occurred  in  Gs- 
to[te  about  a  week  later  than  that  American  storm.  He  had  long  bo* 
auxious  to  connect,  if  possible,  these  two  storms,  as  be  said,  "  8te|ipii| 
across  tbe  Atlantic."  The  Eurot>ean  and  the  American  storms  bov- 
ever  not  only  provetl  to  be  distinct  one  from  the  other,  but  the  diao* 
^on  showed  clearly  that  many  of  the  laws  of  American  stoniu  v8> 
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ulically  difiereut  from  Uiose  of  tbo  Baropeau  storms.  Tbe  results  of 
lie  vhole  discassion  were  published  iu  1859,  by  the  Smithsoriian  Insti> 
ition. 

Upon  coming  to  New  Haven,  in  1860,  ho  commenced  the  collection  of 
II  Che  meteorological  observations  tbal  had  been  made  in  New  Haven 
oil  tbe  immediate  vicinity,  and  succeeded  in  finding  seta  which,  when 
roaght  together,  made  np  a  nearly  continnons  record  through  86  years. 
tte  reaalts  of  these  observations  formed  the  subject  of  a  memoir  pub- 
Hbed  by  the  Oonnecticot  Academy  of  Arts  and  Sciences  in  1866. 
It  beoune  part  of  bis  duties  in  college  to  deliver  a  course  of  lectnrea 
pon  tbe  subject  of  meteorology.  Id  i>reparation  for  these  be  caused 
1  be  printed  in  very  liraiteil  numbers  the  outlines  of  a  treatise  upon 
leleorology,  to  be  used  as  the  basis  of  his  series  of  lectures.  Iu  1868 
e  developed  this  outline  into  a  treatise  suited  to  use  in  college  classes 
odiD  private  study.  This  treatise,  notwithstanding  tbe  rapid  advances 
r  tbe  science  daring  more  than  :;0  years,  is  still  indispensable  to  tbe 
udentof  meteorology. 

Tbe  better  system  of  observing  for  which  Professor  Loomis  had  been 
He  waiting  came  wbeu  the  United  States  Signal  Service  was  eetab- 
^ed  in  1871.  The  daily  maps  of  tbe  weather  published  by  the  Bureau 
ere  coustracted  eesentially  after  the  plan  which  Professor  Loomis  had, 
>jear8  before,  invented  for  thw  treatment  of  tbe  storms  of  1842.  As 
■OD  as  these  maps  had  been  published  for  the  two  years  1872  and  1873, 
nrftesor  Loomis  commenced  in  earnest  to  deduce  from  them  tbe  lessons 
bicb  they  tanght  as  respecting  tbe  nature  and  the  phenomena  of 
niteri  States  storms.  To  this  investigation  he  gave  nearly  alt  bis  en- 
gies  dnring  tbe  remaining  W  years  of  his  life. 
For  several  years  he  employed  and  paid  for  the  services  of  assistants 
bose  time  was  given  to  the  preparation  of  material  fur  use  in  his 
ndies.  The  aggregate  cost  of  tlii.s  assistance  was  of  itself  a  very 
rge  contribution  to  science.  Beginning  in  April,  1874,  be  presented 
galarly  at  eighteen  successive  meetings  of  tbe  National  Academy  of 
iences  in  April  and  in  October  of  each  year,  a  paper  entitled  "Con- 
bntions  to  Meteorology."  These  were  at  first  based  npon  the  publi- 
tionsof  tbe  Signal  Service  alone,  but  aa  years  wen  t  by,  like  pablications 
ipeared  iu  Europe  that  were  useful  for  bis  work.  These  pai>era  were 
iblisbed  in  July  and  January  following  the  Academy  meeting,  and 
ey  regalarly  formed  the  first  and  leading  article  in  eighteen  successive 
Inmes  of  the  American  Journal  of  8<nmce.  Gradually  one  after 
other  of  his  college  duties  were  committed  to  others  that  he  might 
ra  his  whole  strength  to  these  iuvestigations. 

An  attack  of  malaria  interrupted  the  regularity  of  tbe  series.  His 
vancing  years  and  diminishing  stieugth  warned  biro  that  tbe  end  of 
}  investigations  could  not  be  far  distant.  The  number  of  hoars  in 
licb  he  could  work  each  day  was  slowly  diminisbing.  Five  more 
pers  followed  at  somewhat  less  regular  intervxls. 
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In  1884,  he  began  a  revision  of  the  whole  series  of  paiiers.  They  had 
been  presented  witliuat  innch  regard  to  systematic  onlcriu  thesubjwti 
investigated,  and  new  material  had  Aooamnlated  tcom  time  to  time,  to 
that  a  tliorongh,  systematic  revison  seemed  absolutely  tiecessaiy. 

Ill  1885,  be  presented  to  the  Academy  of  Sciences  the  first  cbaplnof 
this  revieiou,  in  which  he  discassed  the  areas  of  low  pressure— their 
form,  their  size,  their  motions,  and  the  phenomena  atten<liag  tbem. 
Two  years  later,  in  1887,  the  second  chapter  of  the  revision  appeared, 
in  which  be  discussed  the  areas  of  high  pressure,  their  form,  magoiuule, 
direction,  and  velocity  of  movement,  and  their  relation  to  areas  of  lo* 
pressnre.  Gradually  hie  physical  strength  was  failing,  though  hii 
mind  was  as  bright  and  clear  as  ever.  To  this  work,  the  only  voifc 
which  be  was  now  doing,  he  was  able  to  give  2  or  3  hours  a  day.  Ani- 
ioosly  be  husbanded  his  strength,  slowly  and  painfully  preparing  tht 
diagrams  and  the  table  for  the  third  chapter  upon  rain  areas,  the  phe- 
nomena uf  rain-fall  in  its  connection  with  areas  of  low  pressore,  and  th» 
varied  phenomena  of  unusual  raio-fall.  "  I  see,"  he  said  to  a  fiieul, 
"  not  the  end  of  this  subject,  but  where  I  must  stop.  I  hope  I  shiU 
have  strength  to  finish  this  work,  and  theu  I  shall  be  ready  to  die.' 

This  third  and  finishing  chapter  wasfioally  passed  throagh  the  print- 
er's hands,  and  some  advance  copies  distributed  to  correspondenb 
abroad  iu  the  summer  months  of  1889.  His  work  upon  the  tiieory  of 
storms  he  felt  was  finished.  As  he  paid  the  bill  of  the  printer,  he  nid 
to  him :  "  When  I  return  at  the  close  of  the  vacation  I  expect  to  pit 
into  yonr  hands  for  printing  a  new  edition  of  the  Loomit  Oeiieaioff.' 
Before  the  close  of  the  vacation  he  died. 

These  three  chapters  of  his  revised  edition  pf  "  Contributions  to  Met- 
eorology," constitate  the  f^ll  and  ripe  fruitage  of  his  work  in  his  favorite 
science.  They  will  for  a  long  time  to  come  be  the  basis  of  fuels  bf 
which  writers  in  theoretical  meteorology  must  test  their  fonDQltf^ 
They  cover  all  the  impoitant  points  taken  up  in  the  twenty-three  ev 
lier  memoirs  with  one  important  exception, — therelalioa  of  mouDtsii 
observations  to  those  made  on  the  plains  below.  The  laws  conneotios 
these  two  are  not  yet  clearly  Indicated;  much  remuns  to  be  learned 
about  tbem,  and  they  are  of  the  utmost  importauce  in  theoretical  mete- 
orology. He  felt  most  deeply  the  backward  steps  taken  by  tiie  UDited 
States  Signal  Service  when  mountain  observations  and  the  pnbliofttioi 
of  the  International  Bulletin  were  discontinued.  "  The  National  Acad- 
emy of  Sciences,"  he  said,  "  ought  at  once  to  take  up  the  subject  whI 
use  all  its  infinence  to  secure  the  restoration  of  these  two  serviow. 

Professor  Loomis  at  various  times  studied  certain  other  queatioof 
in  physics  and  astronomy  that  were  more  or  less  allied  with  the  fflb- 
jeots  to  which  he  gave  the  principal  part  of  his  time,  and  he  pub 
lished  the  results  of  his  studies.  He  made  a  aeries  of  ezperintNtti 
on  currents  of  electricity  generated  by  a  plate  of  sine  buried  lo  A* 
earth.     He  examined  the  electrical  phenomena  in  certain  boowi  it 
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New  York;  tbe  curious  pheuomeDa  of  ojitica)  moviug  flxnres;  the 
vibrations  sent  oat  from  waterfalla  as  the  water  flows  over  certain 
datDs;  the  orbita  of  the  satelUtea  of  Urauaa;  the  temperatpre  of  the 
planets  J  the  variatious  of  light  of  the  Ktars  t/  A.rgas  aad  Algol;  atid 
the  comet  of  1861. 

Tbo  snbjece  of  family  genealogy  has  a  pecaliar  f^ftscinatjon  to  maDy 
luiods.  It  wonld  be  an  interesting  study  to  determine  practically  by 
a  collMitioQ  of  facts  what  are  the  elemeuts  in  a  man's  character 
which  lead  him  to  engage  in  this  )>ecnliar  study.  Certain  it  is  that 
men  of  most  diverse  disposition  are  le<l  into  it.  I  shonld  not  have 
thoaght  it  likely  that  Professor  Loouiia  wonld  have  taken  up  the 
BBbject  very  seriously.  Others  have  expressed  to  me  the  same  thought, 
and  he  himaelf  aays  that  he  did  not  think  it  strange  that  others 
should  be  surpriseil  at  his  devoting  so  mneh  time  to  this  subject, 
for  he  was  surprised  at  it  himself.  He  became  interested  in  the  sub- 
ject early  in  life,  and  that  interest  remained  unbroken  to  his  last 
(lays.  For  nearly  forty  years  before  bifi  first  publication  he  collected 
from  time  time  to  materials  for  a  listof  the  descendants  of  bis  aooestor, 
Joseph  Loomis,  who  came  from  Braintree,  England,  in  the  year  1633, 
and  settled  in  Windsor,  Connecticut,  in  163U.  In  each  of  bis  four 
visits  to  Europe  he  extended  his  inquiries  to  his  aucestor's  earlier 
history  in  Kngland.  The  materials  thus  collected  were  put  in  type 
in  1870.  He  pnblished  a  list  containing  4,340  descendants  of  Joseph 
Loomis  bearing  the  Loomis  name.  He  regarded  it  as  entirely  pro- 
viaioDSl,  printed  to  help  himself  in  making  further  researches,  and 
to  excit«  interest  in  others  of  the  name,  who  would  thus  be  led  to 
give  additional  information,  or  correction  of  errors. 

Finding  that  to  a  limited  extent  only  could  he  hope  by  correspondence 
to  gain  the  information  desired,  be  now  undertook  in  his  vacations  to 
canvass  the  country  by  personal  visits.  He  collected  lists  of  names 
from  every  a%'ailable  source,  from  catalogues  of  every  description,  from 
city  directories,  conoty  directories,  county  maps,  and  county  tax  lists, 
and  he  compiled  from  these  sources  lists  of  all  the  Loomis  oamea  he 
could  find.  Arranging  these  names  by  counties,  he  ntidert«ok  to  visit 
each  family  personally.  In  this  way  he  made  a  pretty  thorough  canvass 
of  every  part  of  New  England  and  New  York  State,  of  nearly  every 
part  of  New  Jersey  and  Pennsylvania,  of  the  northern  part  of  Ohio, 
and  of  some  of  the  western  cities. 

After  five  years  of  these  researches  he  published  the  second  edition  of 
the  "Loomis  Genealogy,"  in  which  were  given  8,6S6  names  of  persons 
that  bore  the  Loomis  name,  descendants  of  Joseph  Loomis  in  the  male 
branches, 

Five  year  later,  in  1880,  Professor  Loomis  printetl  in  two  additional 
volumes  a  provisional  list  of  19,0(10  desceudnuts  of  Joseph  Loomis  in 
the  lemale  branches.  Large  as  was  this  list,  he  did  not  regard  it  as 
more  than  a  first  outline  of  a  census  of  tlie  descendants  of  the  original 
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emigrant,  and  be  boped  in  tbe  near  f'ature  to  publish  an  additional  vol- 
unie.  For  tbis  bo  has  Jcft  in  tuanu8ori|it  many  corrtHitioiis  audlai^ 
additions  that  will  be  of  use  to  tbe  future  Loomis  genealogist. 

Am  I  birryiiig  too  long  aiton  tbe  vaeation  wurk  of  Profeosor  Looiniii! 
If  HO,  I  plead  on  thiu  occasiou  that  among  these  direct  descendaobt  of 
Joseph  Loomis  there  were  eurolle<1  more  than  two  hundred  eradnatw 
of  Vale  College,  and  nearly  one  bnndred  more  of  our  graduates  hat'e 
married  members  of  this  numerous  family. 

Professor  Loomis  was  doubtless  more  widely  Unowu  as  tbe  autborof 
matbematical  text-books  than  as  a  worker  in  new  fields  in  sciencw. 
Shortly  after  coming  to  New  York,  he  prepared  a  text-book  in  algebra 
Tbe  market  was  ready  for  a  good  book  of  this  kind,  and  the  work  pre- 
pared for  it  was  a  good  one.  It  was  followed  the  next  year  by  a  Geom- 
etry. This  was  nil  attempt,  and  if  judged  by  its  reception  aud  siUe  it 
was  a  successful  attempt,  to  combine  in  a  school  book  the  rigid  demoD- 
strations  of  Euclid  with  the  courses  of  thongbt  in  Logeudre  and  in 
modern  science.  The  tuttk  is  one  of  peculiar  difficulty,  as  the  existence 
and  activities  of  the  English  Society  for  the  Improreuieut  of  Geometric 
Teaching  now  for  near tweiityyearsillustratoa.  Otberbooksfollowedtlui 
Geometry  from  year  to  year,  tbe  whole  forming  a  connected  series  from 
aritbmetic  upwitrd,  ro  that  tbe  list  of  his  works  finally  nnmberetl  new 
twenty  volumes.  His  experience  in  teaching,  bis  rare  skill  in  language, 
his  clear  conception  of  what  was  important,  and  his  nnwearied  pains- 
taking, combiiKHl  to  produce  text-books  which  met  the  wants  of  teach- 
ers. About  600,000  volumes  have  been  sold,  benefltingtbescboolsaod 
colleges,  and  bringing  to  the  author  a  liberal  and  well-merited  pecuniar; 
return. 

We  ought  not  to  omit — on  this  academic  occasion — to  speak  of  tbe 
teacher.  (JoUoge  graduates  who  have  been  under  bis  instruction  will 
probably  retain  a  more  positive  impression  of  tbe  personal  traits  aad 
the  character  of  Professor  Loomia  than  of  most  of  their  other  teachers. 
His  crisp  sentences,  lucid  thought,  exactness  of  language,  and  Rteadi- 
ness  of  requirement,  more  than  made  np  for  any  apparent  coldness  and 
real  reserve.  These  characteristics  of  bis  riper  years  were  peculiar  to 
him  from  tbe  beginning  of  his  life  as  a  teacher.  During  his  tutorship 
be  was  thought  to  be  strict  as  a  disciplinarian,  and  tbis  may  have  un- 
favorably afi'ected  his  intlnence  with  some  members  of  the  class  of 
1837,  of  which  be  was  tutor.  It  was  not  so  with  alt  of  them.  Some  of 
you  will  recall  what  was  said  by  a  member  of  that  class  ok  he  came  to 
commencement  a  few  years  since,  occupying  at  the  time  the  highest 
office  which  a  lawyer  iu  the  line  of  his  profession  can  in  tbis  couctiy 
secure:  "If  1  have  been  successful  in  life,"  said  Chief-Justice  Waite, 
"  1  owe  that  success  to  the  influence  of  Tutor  Loomis  more  than  to  any 
other  cause  whatever." 

There  was  in  Professor  Lonmis  so  much  of  reserve,  that  to  many  per 
sons  he  seemed  cold  and  without  interest  in  tbe  lives  of  others.    Btt 
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this  waa  maiuly  dae  to  appearances  only.  The  tear  would  at  times 
OHDe  nobiddeD  to  his  eye.  His  correspoodence  with  bis  dims- mates  in 
tlie  years  immediately  followiug  graduation  shows  warm  interest  in  all 
tliiit  concerned  them.  From  Hudson  be  wrote  often  to  Mr.  Herrick, 
and  complaiued  much  of  isolation,  bat  more  especially  of  i^olalion  from 
scieDtificcompaoions  and  books. 

Ill  ISIO,  be  married  Miss  Julia  E.  Upson,  of  Talmadge,  Obio,  a  lady 
alwut  whom  those  who  knew  bur  have  spoken  to  me  only  in  terms  of 
praise,  and  for  whose  memory  Professor Loomis  cherished  a  tender  rev- 
erence. She  died  iu  18'>4,  leaving  two  sons.  From  this  time  Professor 
Lnomis  lived  in  apartments,  sarrouuded  by  his  books  and  devoted  to 
ills  Btudiea.  His  sons,  after  passing  tbeir  school  and  college  days,  went 
to  tlieif  own  fields  of  work.  Dnriiig  many  years  of  his  New  Haven  life 
lie  w:i8  nnable  to  receive  visitors  in  the  evening.  He  made  very  few 
iiew  friends,  and  one  after  another  of  his  old  ones  passed  away.  To 
his  work  be  was  able  to  give  undivided  his  time  and  his  strength.  His 
mind  did  uot  seem  to  reqniro  the  exciteinentof  social  intereonrse  for  its 
fnll  and  healthful  activity.  Isolated  thongti  he  was  there  was  iu  bim 
no  trace  whatever  of  scl&sh  or  morbid  feeling.  In  council  his  advice 
was  always  marked  by  his  clearjudgmentof  what  was  imi>ortant,  and 
At  the  same  time  what  was  practicable.  Whatever  be  himself  bad  the 
right  to  decide  was  promptly  decided  by  a  yes  or  no,  and  few  persons 
cared  to  question  the  finality  of  his  decision,  lint  when  his  colleagues, 
nrotbers,  had  the  right  to  decide  be  accepted  their  decision  without 
qnestioning  or  subsequent  murmur.  Upon  being  told  that  bis  letters  to 
Mr.  Herrick  bad  come  to  the  college  library,  and  that  he  could,  if  be 
cboge,examinethem  and  see  whether  there  were  among  them  any  which 
he  would  prefer  not  to  leave  iu  this  quasi  public  place,  be  promptly  re- 
plied :  "  No,  I  never  wrote  a  letter  which  I  should  be  ashamed  to  see 
pnblished."    • 

After  coming  to  New  York  he  bad  a  generous  Income  from  his  books, 
besides  his  salary  as  professor.  The  unjonnt  be  saved  from  his  income 
was  carefally  and  prudently  invested,  and  before  bis  death  the  savings 
with  their  aocnmutatious  were  a  large  estate;  bow  large  only  be  and 
big  banker  knew. 

One  of  bis  college  classmates  told  me  that  Mr.  Loomis  left  college 
with  the  definitely  expressed  purpose  that  the  world  should  be  better 
for  bis  living  in  it.  Tbe  central  proposition  in  bis  inaugural  address 
at  Hudson  in  1838  was :  "That  it  is  essential  to  the  best  interests  of 
society  that  there  should  be  a  certain  class  of  men  devoted  esclnsively 
to  tbe  cultivation  of  abstract  science  without  any  regard  to  its  practical 
applications ;  and  cnnseqnently  that  siich  men  instead  of  being  thought 
a  dead  weight  upon  society,  are  to  be  ranked  among  the  greatest  bene- 
factors of  their  race."  He  chose  this  for  his  principal  work  for  man, 
and  he  ste^idily  kept  to  tbe  chosen  work.  To  establish  an  astronomi- 
cal observatory  bad  been  through  life  a  cherished  object.    He  entered 
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tDto  and  aided  heartily  the  plann  of  Mr.  Winchester,  both  before  and 
after  Mr.  Winohesler  asked  bis  trnstees  to  transfer  bis  magnifiisent  en- 
dowmeDt  to  the  uoiveraity.  Professor  Looinis  looked  forward  to  a  iarge 
iDBtitatiou  ID  the  fntaie  ou  the  observatory  site.  To  eudow  this  pablie 
service,  after  makiug  lilwral  provisiou  for  his  two  sons,  he  beqoeatbed 
his  estate.  The  iocome  from  more  thau  9300,000  will  eventnally  be 
available  to  cootioue  tlie  work  of  his  life.  With  clear  jadgmeot  of 
what  was  most  important  ho  limited  the  nse  of  that  income  to  the  pay- 
ment of  salaries  of  persons  whose  time  shoald  be  excloaively  devoted 
to  the  making  of  olraervations  for  the  promotion  of  the  science  of  as- 
tronomy, or  to  the  redaction  of  flHtronomical  observations,  aod  to  de- 
fraying the  expenses  of  publication.  He  knew  that  if  he  provided  ob- 
servers, other  benefactors  would  fnrnish  buildings  and  iiistranmata, 
and  the  costs  of  sapervisiOD  and  maintenance. 

A  university  has  an  organic  life,  with  its  past  and  its  fatnre.  The 
wealth  of  a  university  coonists  mainly  in  its  men ;  notso  mach  in  those 
men  who  are  its  active  members  now,  as  in  those  who  have  live*!  them- 
selves into  its  life  in  the  past,  and  have  made  it  a  home  of  scholarship, 
of  trnth,  and  of  devotion  to  duty;  aplace  fit  for  the  development  of 
the  nobler  elements  of  chiiracter.  The  life  and  work  of  Elias  Loomia 
form  no  mean  portion  of  the  wealth  of  Yale  University. 
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Am.  Phil.  Soc.  Trans.,  vol.  viii,  pp.  14 1-1  &4. 

30.  On  tbe  dip  aud  variation  of  tbe  magnetic  needle  in  tbe  United  States.     Am.  Jonr. 

April,  1843:  (1),  vol.XI.Ili,  pp.  93-116. 

31.  Encke's  comet.    Ohio  01>8erver,  April,  1842. 

32.  On  a  tornado  nhiob  passed  over  Hayfleld,  Otiiu,  t'ebruary  4,  1848,  witb  sorae 

notices  of  other  toraadoea.  Am.  Jonr.,  April,  1842:  (1),  vol.  xuii,  pp. 378-300. 
(With  >  map.) 

33.  Sapplementary  observationa  on  the  storm  which  was  experienoed  tbronghont  the 

United  Slates  about  tbe  30tb  of  December,  1836.  Read  May,  1843.  Am.  Phil. 
SocTrans.,  vol.  VIII,  pp.  305,306. 

34.  Observations  on  tbe  magnetic  dip  in  tbe  United  States.    Read  Hay,  1843.    Am. 

PbU.  Soo.  Trans.,  vol.  viii,  pp.  38o-304.  (Am.  Phil.  Soc.  I>roc.,  vol.  ii,  pp.  na- 
na.) 

35.  lc«bergs  in  tbe  Atlantic.    Ohio  Observer,  Jnly  lUii. 

36.  The  comet.    (Five  papers,  with  orbit.)    Ohio  Observer,  Mareb,  1843. 
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37.  On  two  stonuewbiob  wereeipetienoedthroTigboiit  tlioUuitodStAteBinthenionlb 
of  FebrnaiT,  1843.  Read  May,  1843.  Ani.Phil.  SocTrani.,  voI.ix,pp.lfiI-lM 
(With  13  maps.)    (Am.  Pbi).  Soe.  Proc.,  vol.  tii,  pp.  f>0-&n.) 

3ri.  Od  vibrating  dams.  Am.  Jour.,  October,  18)3:  (l),Tol.ZLV,pp.363-3TT.  (Car*- 
hogaFalle;  Kaat  Windsor;  Spriogfleld  ;  NoribMiiptoD ;  Gardiner;  Hartrord.) 

311.  Uet«orologloal  Joamal  kept  at  Western  Reserve  College.  (Korty-eeveti  papers) 
Marcb,  1840,  to  Jannary,  tS44.    Ohio  Oliaerver. 

40.  Modern  antronoroy.    New  EngUnder,  Janoarj,  1844,  vol.  ii,  pp.  3-18. 

41.  Compariooa  of  Ganas's  tbeory  of  terrestrial  roagnetisni  witb  observatloQ.    Am. 

Joor., October,  1644:  (1),  vol.  xlvii,  pp.  278-281. 
43.  Astronomical  observations  made  ut  Hiidson  ObBCrvatary,  Utitode  4I°l4'4i".G 
nortb,  and  longitude  6°  Si""  44'.I5  west.  Tbird  series.  Bead  November,  1844. 
Am.  Pbil.  goc.  Trans.,  vol.  x,  pp.  1-15.  (Aetron.  Nacbr.,  No.  517,  October,  1B44, 
vol.  XXII,  pp.  203-210.  Roy.  Aatr.  8oc.,  Montb  Notices,  December,  )8H.I 
Latitndo  of  observatory ;  moon  culminations;  occnItatiODs;  longitude  of  ob- 
servatory; Encke's  comet;  oouiet  of  1843 ;  Mauvais's  comet;  Paye'scomei 

43,  Ueteorologkal  observations  made  at  Hudson,  Ohio,  latitude  41°  14'  42" .6  nortli, 

longitude  S"  2fi'<'  44'.  15  west,  during  the  years  1841, 1842, 1943,  and  1814,  with  a 
■ammary  for  7  years.  (Barometer;  thermometer  and  hygrometer;  wind*; 
cloDda;  lain.)  Am.  Jonr.,  October,  1845:  (1),  vol.  xux,  pp.  -J6G-S83.  (Astr. 
Nachr.,  vol.  xxii,  pp.  203-210.) 

44.  Physical  conatitntion  of  the  moon.     Sidereal  Messenger,  vol.  i,  pp.  20-22.    Sep- 

tember, lt)46.    (Am.  Jonr.  (2),  vol.  n,  pp.  432,433.) 
4!^  A  treatise  on  algebra,     12mo,  pp.  346.     New  York,  1846. 
46   On  Biela's  comet.    Am.  Jonr.,  November,  1846 :  (2),  vol.  n,  pp.  435-43B, 

47.  The  planet  Neptune.    Am.  Review,  Angust,  1647 :  vol.  vi,  pp.  145-1^ 

48.  On  the  determination  of  differences  of  longitude  made  in  the  United  States  bj 

means  of  the  electric  telegraph,  and  on  projected  observations  for  investigat- 
ing the  laws  of  the  great  North  American  storms.  (Letter  to  Lieotanaot- 
Colonel  Sabine.)    Phil.  Mag.,  Augnst,  1847,3d  series,  vol.  xxxi,pp.338-.14a 

49.  Notice  of  some  recent  additions  to  our  knowledge  of  the  magnetism  of  the 

United  Stat«H  and  its  vicinity.  Am.  Jour.,  September,  1847:  (2),  vid.  iv,  pp. 
192-198. 

50.  Elemeutsof  geometry  andeonio  sections.    8vo,  pp.  222.    New  York,  1847. 

r>l.  Notice  of  a  nater-spout.    Am.  Jonr.,  November,  1347:  (2),  vol.  iv,  pp.  362-364. 
^■'i.  Report  on  the  meteorology  of  tbe  United  States,  snbmitted  to  tbe  Seontary  of 

the  Smithsonian  Inatitutiou,     Sen.  Doc.  No.  21,  30th  Congress,  first  session,  pp. 

193-21/7.    Ordered  printed  Jannary,  1848. 

53.  Historicalnoticeof  the  discovery  of  the  planet  Neptune.     Am.  Jonr,  March,  164^: 

(2),  vol.  V,  pp.  187-205. 

54.  Note  Tcspectin;;  Halley's  comet.    Am.  Jonr.,  Hay,  1848 :  (2),  vol.  V,  pp.  370-371 
fw.  Tbe relatiouB of  Neptnne  to Ilranns.    Am.  Jour.,  May,  1848 :  (2),  vol.  v,  pp.43&-4ST. 

56.  Elements  of  plane  and  spherical  trigonometry,  with  tbeir  applioationa  to  men- 

snration,  surveying,  and  navigation.    8vo.,  pp.  vi,  146.  New  York,  1848. 

57.  Tables  of  logarithms  of  nnmbers  and  of  lines  and  tangents  for  every  10  seoondt 

of  the  qaadraut,  witb  other  nsefnl  tables.    6vo.,pp.  svi,  150.  New  Tork.lUS 

58.  On  the  determinatiou  of  the  difference  of  longitude  by  means  of  tbe  magnetie 

telegraph.    Roy.  Soc.  Proc,  vol.  v,  pp.  787-709.     1849. 

59.  Experiments  on  tbe  electricity  of  a  plate  of  xino  buried  in  theeartb.   Am.  Jsor., 

Jannary,  1650:  (2),  vol.  ix,  pp.  1-11.     (Am.  Assoc.  Proc.,  1849,  pp.  196-200.) 

(Blbl,  Univ.,  Archives,  vol.  xiii,  pp.  a«5-28l.) 
GO.  On  tbe  longitude  of  Hudson  (Ohio)  Observatory.    Astron.  Jonr.,  Noe.  8  and  9. 

May,  1860. 
61.  On  the  proper  height  of  lightning  rods.    Am.  Jonr.  (2).  vol.  x,  pp.  320-321.  (Bead 

August,  1850.)    (Am.  Aasoc.  Proc.,  1850,  pp.  38-43.) 
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G2.  Od  tbe  eleatricftl  pbeuotucua  of  certain  boiues.  Am.  Jonr.  (2),  vol.  x,  pp.  331-32:1. 
(Kesd  Aaguiit,  1H50.)  (Am.  Abmic.  Proc.,  1850,  pp.  12-15.  Editi.  Now  Ftil. 
Jonr.,  Tol.  60,  pp.  225-227.) 

63.  Oa  optical  moving  flgurat.     Am.  Assoc.  Proc.,  1850,  pp.  29:1-395. 

64.  The  recent  progieaaof  oatrouomy,  especially  iu  tbe  Uuited  States.    8vo.,  p.  S57. 

Nbw  York,  leSO, 

65.  Elemeuis  of  analytical  geometry  and  of  tho  differeatial  aod  integial  cslcnlDs. 

8vo.,  pp.  2TS.     New  York,  1851. 

66.  Od  Kirknood'a  law  nf  tbe  rotation  of  Ihe  primary  planela.     Aid.  Jonr.,  Haroli, 

1851 :  (2),  Tol.  XI,  pp.  217-223. 

67.  ObserratioDB  on  the  first  eoinet  of  IS50,  made  at  Hudson,  Ohio.    Oonld's  Astr. 

Jonr.,  March,  1851,  vol.  i,  pp.  17!),  180. 

68.  On  the  apparent  motion  of  flgnres  of  certain  colors.     Am.  Assoc.  Proov  1851,  ]>p. 

78-ei. 

60.  On  the  distribotiou  of  rain  for  the  month  of  September.     Am.  Aasoc.  Proo.,  IK>9, 

pp.  14&-149.    (Annnal  Set.  Disc.,  pp.  389-391, 1852.) 
TO.  TheelemealeofalKebra.desiguedforbegiDDen.     I2mo., pp.260.    New  York,  IH-II. 

71.  On  the  satelliles  of  Uranus.     Am.  Jour.,NoTember,  1853:(2),  vol.  xiv,  pp.  4l^4iO. 

72.  Notice  of  the  hailstorm  which  pawed  over  New  York  City  od  the  Ist  of  Jnlj,  l'-5:l. 

Am.  Aaeoc.  Proc.,  l%3,pp.  G9-79.    (Am.  Jonr.  (2),  vol.  XVII, pp.  35-55.    Aniialsof 
Science,  vol.  I,  pp.  209-215.) 

73.  Does  the  moon  exert  a  sensible  inflneuce  upon  the  clouilaT    Am  Aaaoc  Proo.,  1B53, 

pp.6(W3. 

74.  Od  the  measurement  of  height*  by  tbe  barometer.    Am.  Aasoo.  Proc.,  1853,  pp. 

t6»--171. 

75.  Comparison  of  Ihe  Britiah  Association  Catalogue  of  Stars  with  tbe  Oreenwicli 

Twelve-year  Catalogoe.    Ooold's  Astron.  Jonr., May,l><54, vol.  Iii.pp,  177-lt*2. 

76.  On  the  reaistaooe  experienced  by  bodies  falling  through  the  atmosphere.     Am. 

Jonr..  July,  1854  :  (2),  vol.  17,  pp. 67-70. 
TT.  On  tbe  satellites  of  Uranus.     Am.  Aaaoc.Proc.,  1654,  pp.52-55. 
78.  The  zone  of  sniall  planets  between  Mara  and  Jnpiter.     (Lecture.)     Smithsonian 

Report,  1854,  pp.  137-140.    ( Harper's  New  Month.  Mag.,  February,  1855,  vol.  x, 

pp.34.-(-353.) 
7<J.  An  introduction  to  prtctioal  astronomy,  with  a  collection  of  astronomical  tables. 

8vo,  p.  497.    New  York,  185.">. 
60.  On  the  temperature  of  the  planets  and  on  sume  of  (be  conclusiuna  re8nltingfh>ni 

thia  temperature.    Am.  Assoc.  Proc..  1455,  pp.  74-00. 
HI.  On  tbe  storm  which  was  ex perieuceil  throughout  the  United  Slates  about  the  SOth 

of  December,  1836.     Am.  Aasoo.  Proc.,1855,  pp.  176-183. 
62.  Astronomical  observalions  in  tbe  United  Slates.     Harper's  New  Mouth.  Mag., 

June,  1S56,  vol.  Xiil,  pp.  25  52. 

83.  A  treatise  on  aritliinetic,  theoretical  anil  practical.    12mo,  p.  3.'>2.    New  York,  1856. 

84.  The  recent  progres8i[rastronomy,ospecially  in  tbe  United  States.    Third  edition; 

mostly  re-writteu  and  much  enlarged.     8vo,  p.  3!)6.     New  York,  1856. 

85.  On  the  relative  accuracy  of  tbe  different  methods  of  determining  geographical 

longitude.     Brit.  Assoc.  Rep., Auguat,  11^7 :  (2),  pp. 25, 26. 

86.  On  certain  electrical  phenomena  in  the  United  States.     Brit.  Assoc.  Rep.,  Angust, 

1857,  pp.  3J-35.     (Pogg.  Annalen,  l'«7,  vol.  c,  pp.  599-606.) 

87.  Elements  of  natural  pliilosophy,  designed  for  academies  and  high  schools,  with 

three  hundred  and  sixty  ill  nitration  a.     12nio,  pp.  344.     New  York,  1858. 
8H.  On  the  electrical  phenomena  observed  in  certain  bouses  in  New  York.    Am.  Assoc. 
Proc,  1858,  pp.  33-38.     (Am.  Jonr,  (2),  vol.  xxvi,  pp.  58-62.) 

89.  On  tbe  varieties  of  tbe  magnetic  needle  at  Hudson,  Ohio,    Am.  Jour.,  March,  1859, 

(2),  vol.  xxviii,  pp.  167-169. 

90.  Observations  of  tbe  magnetic  dip  iu  tbe  United  States.    Read  August,  16,'id.    An. 

Phil.  Soo.  Trans.,  vol.  xi,  pp.  161-186. 
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01.  On  certain  slornis  in  Baropo  and  Amertoa..  December,  1836.  Smith  CDnt.(i»- 
eepted  for  piibHcntion  Augnst,  ISSO),  vol.  xi,  pp.  S6,  and  13  oolorrd  charli. 

99.  The  great  aurornl  «xbibilioii  or  AiiKiist  28  t«  September,  IHKt.  Am.  Jonr.  No- 
vember, 1859 :  (2),  vol.  xxviii,  pp.  3fl5-4{W. 

93.  On  tbe  Enropeau  Btorm  of  December  25,  1836.  Am.  Assoc.  Proc.,  I^>9,  pp.Wl- 
2SJ. 

91.  Nolicesofthe meteor ofNoveinbor  15, 1859.  Am.  Joar.,  jBDoary,  Huch,aDdM»r, 
16r>0  :  (3),  vol.  XXIX,  pp.  137,  138,  996-300,  and  447. 

95.  The  f;reat  anroral  eihibition  of  AngDetSSto  8epterobeT4, 1850— second  article. 

Am.  Jour,,  January,  1860 :  (2),  vol.  xxix,  pp.  92-97, 

96.  The  great  auroral  exbibitiou  of  Aajcnst  28  to  September  4,  1859 — third  artuk. 

Am.  Jour.,  Febraarj,  I860 :  (2),  vol.  xxix,  pp.  349-2G6. 

97.  The  great  anroral  esblbition  of  Augnst  2^  lo  September  4,  lg59 — tonrih  ailitt*. 

Am.  Jonr.,  May,  IBGO:  (3),  vol.  xxix,  pp.  386-399. 
96.  Tbe  great  auroral  exhibition  of  Angiiat  28  to  September  4, 1859,  and  the  geognpk- 
ical  distribntioD  of  aororasand  tbuudentorme — fifth  article.     Am.  Jonr.,  Jul;, 
1860:  (2),  vol.  xxx,  pp.  70-100. 

99.  Thegreatanroralexhibitioauf Augiut38Io8eptembet4,lSJ9— siitharUcle.   (Sa- 

lected  from  the  Smithsonian  papers).  Am.  Jour.,  November,  1B80:  (8),  y<L 
xxx,  pp.  339-361. 

100.  The  great  anroral  exhibition  of  Augnst  28  to  September  4, 1)159— seventh  article. 

Am.  Jonr.,  May,  1361 :  (2),  vol.  xxiii,  pp.  71-84. 

101.  The  great  comet  of  1861.     Am.  Jour.,  September,  latil :  < 4),  vol.  xxxii,  pp.  SB- 

256. 

102.  On  the  great  auroral  eihibitioD  of  Anguet  38  tt>  September  4,  lifi9,  and  aoiora* 

generally— eighth  article.  Am.  ,Joaf.,  September,  1861:  (2),  vol.  xxxn,  pp.31B- 
335. 

103.  On  electrical  ourrenta  cironlating  uear  the  earth's  anrfeoe  and  their  conooctiM 

irith  the  phenomena  of  the  aurora- polnris.  Ninth  article.  Am.  Jour.,  Jalj, 
1862:  (2),  vol.  xxxiv,  pp.  34-15.  (On  the  action  of  electrical  cnrrents  and  the 
motion  of  anroml  beams.) 

104.  Remarks  upon  the  article  of  Prof.  J.  D.  Everett.     (On  reducing  oberrrations  of 

temperature.)    Am.  Jour.,  January,  1863 :  (2),  vol.  XXxv,  pp.  31-34. 
103.  The  rlemente  of  aritbinetic,  designed  for  children,     remo,  pp.  166.    New  Vori^ 
IB63. 

106.  On  vibrating  waterfalls.    Am.  Jonr.,  November,  1663 ;  (2),  vol.  xxzvi,  pp.  39t- 

:t65.    (South  Natick ;  Holyoke ;  Lawrence.) 

107.  A  treatise  on  astronomy.     8vo,  pp.  336.     New  York,  1865. 

108.  The  anroraborealisor  polar  light,  its  phenomeuaand  laws.    SraitbsonItep.,18Ec^ 

pp.  206-248.  (Archives  Sci.  Phye.  hat.,  vol.  xxxi,  pp.  273-285,  1868.)  Be- 
written  anil  published  with  illnstratious  in  Harper's  New  Month.  Uog.,  JniK, 
1669,  vol.  XXXIX,  pp.  1-21. 

109.  On  the  physical  condition  of  the  sun's  surface  and  the  motion  of  the  solar  spota 

Am.  Assoc.  Proc.,  If^Oe,  pp.  1-5. 

110.  On  the  period  of  Algol.     Am.  Assoc.  Proa.,  1866,  pp.  5-7. 

111.  Notices  of  auroras   extracted  from  the   meteorological  Journal  of  Se*.  En* 

Stiles,  S.  T.  D.,  formerly  president  of  Vale  College,  to  which  are  added  notiat* 
of  a  few  other  aururos  recorded  by  other  observers  at  New  Haven,  Codd. 
Trans.  Conn.  Acad.,  vol.  i,  pp,  155-172. 

112.  On  the  mean  temperature  and  on  the  fluctuations  of  temperatnre  at  NewHsTSS, 

Conn.,  latitude  41°  16'  north,  longitude  72°  55'  west  of  Greenwich  (E.  Loomti 
nud  H.  A.  Newtou).    Trans.  Conn.  Acad.,  vol.  i,  pp.  194-246.     (Three  plaits.) 

113.  A  treatise  on  meteoroli>gy,  with  a  collection  of  meteorologio»l  tables.    6to,  pp. 

305.    New  York,  1868. 

114.  Shooting  stant,  detonating  meteors  and  aerolitea.    Harper's  Hew  Month.  Msf., 

June,  1666,  vol.  XXXVit,    pp.  3^-50. 
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115.  A  trektiso  on  algebra,  reviwMl  oiIitioD.    tjvo,  i>p.  3fll.     Nen  York,  18G8. 

116.  iDdaeDce  of  (bu  moon  upou  tbe  noalber.     Am.  Assoc.  Prop.,  1864,  ]t|i.  Itg-1-i'J. 
IIT.  On  tbe  iieriwl  of  rj  Argus.    Roy.  Ast.  tioc.,  Moutli.  Not.,  A|)ril,  li^tiO,  vol.  xxix, 

Pi>.  •jya.aiw. 

lis.  Itvmatkable  luetooi  of  Mu; -iO,  liitKt.  Am.  Jouc,  July,  Idtill:  (3),  vol.  XLViii.pii. 
145, 146. 

lit).  Meteorology  and  aatronomy,  fur  aculuimi'ii  auil  Iiigb  scboola.  lituo.  Now  Yorkt 
1869. 

Va.  Kleuieola  uf  uatruuouiy,  <luaigue4l  fur  ataileiuics  auil  bigli  aclivobl.  Uiuo,  pp. 
^j4.    New  Vurk,  18tiU. 

1^1.  The  desceuiloDts  of  Jo«epb  Looiiiiu,  nbo  csdi«  from  Braiutrvo,  EuxlauU,  iu  tbe 
year  lC3d,  and  Bottleil  in  Wiuilsor,  Codu.,  in  llhR).  tjvo,  pp.  ■2»i.  Nen-  Haven, 
1S70. 

m.  Kucent  auroral  display  iu  tbo  L'uiled  Stati!«.  Am.  Jour.,  July,  jtJiO:  (i),  vol.  l, 
pp.  146,  1-tT. 

l'J3.  Comparison  of  themeAO  daily  rauguof  tbu  uiaguoMc  declination,  witb  tbe  Dum- 
ber of  auroras  ob^sorved  eocb  yvai',  aiiil  tb»  uxtcnt  of  lUe  black  spota  ou  tbe 
surlaoe  of  tbe  siiu.  Am.  Jour.,  Soiittubur,  l^U :  {-t),  vol.  l,  pp.  I.'i3-17L 
(Arcliivo*  Sci.  Pbys.  Mat.,  vol.  40,  pp.  35a-3i!f.) 

1-^.  Becent  auroral  ilisplayBiu  tbe  Uuitvil  States.  Am.  Jour.,April,  1H71 :  (3),  toL 
I.  p.  309. 

VSt.  Kecent  auroral  displays  in  tbe  United  states.  Aui.  Jour.,  Uay,  ISli:  {3),  vol. 
Ill,  p.  -JH'i. 

126.  Tbe  elements  of  analytical  geoniutry,  rsvisod  edition.  «vo,  pp.  aiil.  New  York, 
1872. 

Itl.  InstancoH  of  remarkably  low  temperature  observed  at  Nun  Haven,  Codd.  Am. 
Jonr,  April,  ld73:  {3),  vol.  v,  pp.  23d-233. 

I'AJ.  Coaiparisan  of  the  mean  daily  range  of  tbe  uioguotio  dccliuatiuu  and  the  num- 
ber of  auroras  observed  eacb  j  ear,  nitb  the  extent  of  tbo  black  Hiiota  on  tbe 
surface  of  tbe  sou.  An).  Jour.,  April.  IBTS:  (:)),vul.  v,  pp.  -ZM-MM.  (Palermo, 
Mem.  Spettr.  Ital.,  vol.  2,  pp.  1^3,  UA.) 

129.  GcHults  derived  from  an  eiaiuinatiun  of  tbe  Uniletl  States  weallii-r  maps  Cor 
187-2  and  1873.  K^ad  in  N.  A.  S,,  April.  IS74.  Am.  Jour.  (3),  vol.  viii,  pp.  1-15. 
(With  twu  plates.)  (InUneuce  of  rainfall  upon  tbu  eoune  of  storms;  inUii 
once  of  tbe  wiud's  velocity  upon  Ihe  piogiess  of  storms ;  rotation  between  tbu 
velocity  of  tbe  win<l  and  tbo  velocity  of  a  storm's  progress;  to  determine 
n-hetber  a  storm  ia  iucrea«ingordtraiutsbiug  iu  inteusity ;  liirui  of  Ibeisobario 
curvee;  classiflcationof  storms;  where  do  tbe  storms  which  setim  to  uomefrom 
tbe  far  Westorigioatel) 

I3U.  Llenients  of  tbe  difforeutial  and  iutegral  calculus,  revised  edition.  8vo,  pp.  309, 
New  York,  1S74. 

131.  Results  derived  from  a>i  examination  »f  tbe  Uuited  States  weather  maps  for 
1072  and  tS73.  Read  iu  N.  A.  S.,  November,  lclT4.  Am.  Jonr.  (3),  vol.  ix,  pp. 
1-H.  (Withplale.)  (Direction  and  velocity  of  Ibc  wind  within  areasof  maxi- 
mum pressure;  con  sell  uun  cos  uf  tbe  ontnard  llow  of  air  from  an  areaof  bigh 
barometer;  monthly  miuininm  of  Icmpemture;  long  continued  periods  of  cold 
ireatber;  storms  of  January  0-»,  1^74;  coDoectioD  belweeu  tbe  velocity  of  tbe 
wind  and  tbo  distance  between  tbe  isobars  iu  tbe  neijchborhood  of  a  storm 
center.) 

IX!.  Results  derived  from  au  OKaniiuation  of  the  Uuited  States  weather  maps  for  1872, 
1873,  and  1874— third  paper.  Read  in  N.  A.  S.,  April,  1875.  Amer.  Jour.  (3), 
vol.  X,  pp.  1-14.  (Witbplati!.)  (Directions  of  storm  paths;  diurnal  inequality 
in  the  progress  of  storms;  influence  of  rainfall  upou  the  course  of  storms;  in- 
ioflnenceof  a  neighboring  area  of  high  barometer  upon  tbo  pro)|;res«  of  a  storm ; 
form  of  the  tsobarlc  curves ;  ^rvat  and  sudden  changes  of  temperature ;  Storm 
of  Jannary  15,  1875,  at  Denver,  Colo.) 
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13U.  The  deMeQilanta  of  Jotepb  Louwia,  irlio  came 

year  1638,  anil  Betlleil  in  Windsor,  Conn.,  ia 

onlBrged.     Kvo,  jip.  (ill.     New  Haveo,  1875. 
m.  Key  to  treatiso  ou  algebra.     I^mo,  pp.  219.     New  York,  1875. 

135.  Contributions  to  meteorology,  being  resnlM  derived  from  an  eiaminati<m  of  the 

United  States  weather  inapi  qdiI  tiom  other  Boarces — foarth  paper.  Bead 
InN.  A.  8.  November,  1875.  (Witb  plat«.)  Am.  Juar.  (3)  toI.  xi,  pp.  l-ll. 
(Movement  of  areas  of  bigh  barometot;  moo tbly  minima  of  temperature;  in- 
finenceof  wiudson  tbe  temperature,  moisture,  and  preianre  of  tbeatoioipben: 
diumul  inequality  in  tbe  rainfal] ;  conipariiou  of  storm  paths  in  Ameriei  sml 
Europe;  oscillations  of  tbe  barometer  in  diScront  latitudes;  storms  tnced 
ncroas  tbe  Atlantic  Ocean ;  velocity  of  ocean  eturms;  Btomia  of  JannaryiOia 
Febrnory  8,  IttJO,  on  tbo  Atlantic  Ocean;  application  of  FerteU's  formnli; 
stationary  storms.) 

136.  Contributions  to  meteorology,  tming  results  derived  from  an  examination  otOif 

observations  of  tlie  United  States  Signal  Service  and  from  oiber  aonrcn— fifth 
paper.  Read  in  N.  A.  S.  April,  18TG.  Am.  Jour.  (3),  vol.  xii,  pp.  1-16.  (Wilh 
two  plates.)  (Low  lempenktnro  of  December,  1873;  form  of  areas  of  maiimun 
and  minimum  preesnre ;  relation  of  rnio-fall  to  variations  of  barometrie  pre«- 
tire ;  stationary  storms  near  the  coast  of  Newfouodland ;  course  and  relocit; 
of  Htorms  in  tropical  regiuns.) 

137.  Elements  of  geometry,  conic  sections,  and  plane  trigonometry.     Bevised  edilios, 

witb  appendix.     Svo,  pp.  413.    New  York,  11^6. 

138.  Contributions  to  meteorology,  being  results  detired  from  an  examination  of  tbe 

observations  of  the  United  States  SicDBl  Service  and  from  other  sources— «iill> 
paper.  Read  in  N.  A.8.  October,  1876.  Am.  Jonr.{3),  vol.xni,  pp.  1-19.  (Willi 
tliroo  plutcB.)  (Period  of  tmusnal  heat  iu  Juiie,  1873;  ruiu  areas,  their  form, 
mnvumeats,  ilistribntion,  etc. ;  raiufall  of  2  inches  at  stations  south  of  lalitwle 
:tG° ;  rainfall  of  3  iiiches  at  stations  north  of  latitude  36°. 

139.  Contributions   to  metcoru1of;y,  beini;  results  deriveil  from  an  ezamluatioD  o! 

the  observations  of  the  United  States  Signal  Serviqe  and  Rom  other  source*— 
seventh  paper  Rend  iu  N,  A.  S.  April,  1877.  Am.  Jonr.  (3),  vol.xiv,  pp.I-Sl- 
(With  three  plates.}  (Bain  areas,  their  form,  dimensions,  movementa.  dis- 
tribution, etc. ;  areas  of  low  pressure  withont  rain.) 

140.  Key  to  elemonte  of  algebra.    New  York,  1977. 

HI.  Contribution  to  meteorology,  boiug  results  derived  froni  au  examination  of  the 
observations  of  the  United  StatesSlgnal  Service  and  from  other  soDrcee— elf^tb 
paper.  Bead  in  N.  A.  S.  October,  1877.  Am.  Jour.  (3),  vo].xv,pp.  1-21.  (Willi 
two  plates.)  (The  orlgia  and  development  of  storms;  violent  winds;  baro- 
metric gradient.) 

142.  Contributions  to  meteorology,  being  reenlCs  tierivod  from  an  oxaminsticD  atlbi 

ohscrvatione  of  the  United  States  Signal  Servioeandfrom  other sonrcei—niatlj 
paper.  Read  In  N.  A.  8.  April,  l«H.  Am.  Joar.  (3),  vol.  xvi,  pp.  1-31,  (Wiih 
throe  plates. )  (Low  barometer  at  Portland,  Oregnn;  low  barometer  at  SaiiFn"' 
Cisco;  areas  of  high  barometer;  temporatnroof  Icetauiland  Viennacompirri) 
(The  abovo  niue  paiiers  wore  trao slated  by  M.  H.  BrocarJ  iuto  French, and  wt* 
publlslird  as  No.  .10  (3)  of  Moigno's  Actuality  SoientiSqiie,  Paris.  1»80,  witb  tbe 
title  Memoircs  do  M^t^onilogje  Dynaniiiine.) 

143.  A  collection  of  alKshraic  problems  and  examples  for  the  use  of  culiege«nniiliif[l> 

schools  in  examinations  and  class  instruction.    8vo,  pp.  ^o8.     New  York,  1^ 

144.  Contributions  to  meteorology,  being  results  derived  from  an  examination  ofilx 

observations  of  the  United  States  Signal  Service  ami  from  othrr  sources— trtlli 
paper.  Rtad  iu  N.  A.  S.  November,  1878.  Atn.  Jour.  (3>,  vol.  vvii,  pp.  1-** 
(With  two  plates.)  (Storms  of  tho  Atlantic  Ocean  ;  fliictuationa  o(  the  bantw 
ter  ou  Mount  Washington  and  Pike's  Peak  ;  high  winds  on  Uonnt  WaabingW- 
high  winds  on  Pike's  Peak.)  (    Oi^olc 
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US.  ConUibntfOBB  to  metMirology,  being  ranlU  derived  trtna  »i>  oxunlmtHon  rtt  tlwi 
otMarrtUioQs  of  tbe  United  fltatea  Signal  Serrioe  uid  other  loaroea — elereoth 
p»per.  B«ad  in  K.  A.  S.  AprU,  1879.  Am.  Jour.  (3),  vol.  XTin,  pp.  l-Ifl.  (With 
twapl*tea.>  (Tne  winds  on  Hoont  WMfaiugtonoompAredwithtbe  winds  Dear 
tba  leTelof  tiMBM;  abDormsl  itortn  pathi.) 

146.  Anthony  D.  Sfauilej,  profeoor  of  matbeowtiot.    In  ¥*le  College,  a  ikateh  of  Its 

bietoiT,  etc.,  vol.  1,  pp.  254-266.     1S79. 

147.  Connectioat  Academy  of  Art*  Bod  Solenoe*.     ibU.,  pp.  3X9-337. 

146.  CoDtribotlons  to  meteorology,  being  the  leanlta  darired  from  an  examination  of 
the  obeervatioD*  of  the  United  State*  Signal  Serrioe  and  ttom  other  aoaKe»~- 
twelfth  paper.  Bead  in  N.  A.  8.  Ootober,  1879.  Am.  Jonr.(3),  toI.  XIX,  pp.W- 
109.  (With  three  plate*.)  (Mean  prcMnre  of  the  atmoapbere  over  the  United 
States  at  diflbrent  aeaaons  of  the  year;  oompailaon  of  barometrio  minima 
.  in  Eorapa  and  Ameriea;  baiometria  minima  advancing  with  nnusnal  veloo- 
ity. 

149.  Contribntions  to  metaorology,  being  reaalts  derived  trom  an  examiuation  of  tlie 
obaervBtlons  of  the  United  Statea  Signal  Servine  and  from  other  aonroea— thir- 
teenth paper.  Bead  In  N.  A.  S.  April,  1880.  Am.  Joar.  (3),  vol.  xz,  pp.  1-91. 
(With  two  plates.)  (Great  and  sodden  efaanges  of  tempetatara;  barometrio 
minima  acM  the  Rueky  Honatains ;  moan  monthly  range  of  the  barometer.) 

1«0.  The  deaoendanta  (by  the  fenutle  braDohea)  of  Joseph  Loomis,  who  eama  ftvm 
Braitttiee,  England,  in  the  year  1636  and  aettled  in  Windsor,  Conn.,  in  1639. 
2  vols.,  8*o,  pp.  1133.    New  Haven,  1880. 

15L  Oontribntiona  to  meteorology,  being  reaalts  derived  from  an  examination  of  the 
obaerrations  of  the  Unltad  States  Signal  Serviae  and  from  other  soorees — fonr- 
teenth  paper.  Bead  in  N>  A.  S.  Noremher,  1880.  Am.  Joar.  (3),  vol.  xzi,  pp.  1- 
30.  (With  three  plates.)  (Conrse  and  velocity  of  storm  oeatera  in  tropical 
regiona ;  American  storms  adranclng  in  a  sootheasterly  direotion  ;  American 
■torma  adTSDCJug  northerly  and  easterly ;  oonrse  of  hnrrioanea  originating 
near  the  Bay  of  Bengal,  China  Sea,  etc;  rain-fall  In  troploal  oyolones;  storms 
in  the  middle  latitudes  advancing  in  a  westerly  direction;  starms  advancing 
westerly  over  Europe  and  the  Atlantic  Ocean.) 

15S.  ContribatioDS  to  meteorology,  being  reso its  derived  ttom  an  examination  of  the 
observalionB  of  the  United  States  Signal  Service  and  from  other  aonroea — At- 
leenth  paper.  Bead  in  N.  A.  8.  April,  lirSl.  Am.  Jonr.  (3),  vol.  xxit,  pp.  1-18. 
(With  one  plate.)  (Bednotion  to  sea-level  of  barometric  observations  made  at 
elevated  stations;  height  of  the  Signal  Service  stations.) 

153.  Contribntions  to  meteorology,  being  resnits  derived  from  an  eiaroiaation  of  the 

obaeivatlons  of  the  United  States  Signal  Service  and  ftom  other  aoDtces— six- 
teenth paper.  BeadinN.  A.  8.  November,  1881.  Am.  Joar.  (3),  vol.  xxiii.pp.  1- 
^.  (WIthamap.)  (UeanaDoaal  raln-fallfbr  different  eonntrieeof  the  globe; 
casM  of  excessive  rain-fall ;  oases  of  deficient  raln-fall.) 

154.  Contribntions  to  meteorology,  being  results  derived  fTom  an  examination  of  the 

obeervations  of  the  United  Stales  Signal  Service  and  from  other  aocrces— sev- 
enteenth paper.  Bead  iu  N.  A.  S.  April,  1^82.  Am.  Jonr.  (3),  vol.  xxiv,  pp. 
1^2.    (With  three  plates.)    (Relation  of  rain  areas  to  areas  of  low  pressnre.) 

155.  Contribntions  to  meteorology — eighteenth.     Read  in  N.  A.  S.  November,  16^ 

Aro.  Jonr.  (3),  vol.  xxv,  pp.  1-18.  (With  amap.)  (Mean  annual  rain-fall  for 
dilTerent  eonntries  of  the  globe ;  relation  of  rain  areas  to  areas  of  low  preasare.) 

156.  Contribution  to  meteorolog; — nineteenth  paper.     Read  in  N.  A.  S.  April,  1863. 

Am.  Jonr.  (3),  vol.  xxvi,  pp.  443-461.     (With  three  plates.)     (The  baTometrio 
giadlentin  greatstonus.) 
1ST.  CootribotioDS  to  uieti-orology — twentieth  paper.     Bead  iu  N.  A.  S.  April,  1884. 
Am.  Jour.  (3),  vol.  xxviii,  pp.  1-17  and  81-93,    (With  two  plates.)    (Badactivo 
baromelriu  nliservations  to  aea-leval.) 
B,  Mis.  IJO 18  D„„»d.,G0OQlc 
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1C6.  L«tt«r  Mldrvwed  to  tha  Chief  of  tha  BniMn  of  Statiatios  in  Rffacd  to  the  pen- 
eipal  Horoea  of  the  ralofall  of  diffanot  aaotlwia  of  tha  United  Slstaa.  BcpM 
ontheiatenuloommBToeof  theUaitadStatM.  SobmlttedlUj,  lBa&.  Appen- 
dix No.  6,  p.  308.    WaahiocfaHi,  yebiwy,  188& 

159.  Contribntiona  to  meteorology^-twatitr-flnt  pkper.     Bead  in  N.  A.  8.  April,  IS£. 

Am.  Jaur.  (3),  toI.  xxx,  pp.  1-16.  (WiUi  a  plata.)  (Dinotion  and  Taking 
of  TnoTeownt  of  ateaa  of  low  prMaare.) 

160.  CoDtribotiooa  to  meteotolog]r.    Nat.  Aoad.  Soi.  Hem.,  vol.  ill,  part  2,  pp.  1-4$. 

(Araaaof  iow  pcaaaace,  Uulr  form,  magsitaide,  dicaetion,  and  «aloeitjotaoN- 
raeot;  alao  pabliahad  aa  Contribntioiu  to  mataonlogr,  rDviaad  editiaa.  Ita, 
pp.  1-67,  plates  1-66.    New  HaTen,  laSS.) 

161.  Oootriballona  to  mataoioloK; — tweotr-aeoond  paper.    Am-  Jour,,  April,  UBI: 

(3),  vol.  xxxiii,  pp.  347-992.  (With  a  plate.)  (AreM  of  high  pnBaan,tlwu 
magnitude,  and  diieetion  of  moTenMnt ;  lalatinn  of  araai  of  high  pwiua  to 
areaaof  lovr  preaanre.) 

UU,  Conlribationa  to  meteorology.  Nat.  Aead.  Bel.  Ham.,  toL  iv,  part  2  pp,  t-77 
(with  ISpUtee).  \ATeaaof  of  higbptemnra,  their  form,  magoitode,  diractioii, 
and  velooit;  of  moTement ;  relatioa  of  areaa  of  high  praamre  to  anaaief  1» 
prasanre  ;t  alao  pabliahad  as  CoDtribatloua  to  meteotologj,  oh^tec  ii,  leriwd 
edition.    4to,  pp.  ST-142,  pUtea  17-32.     New  Haven,  1887. 

163.  Contribntiooa  to  meteonileg;— twenty-third  pi4>ei.  Bead  in  H.  A.  8.  Nonaht, 
lt(88.  Am.  Jonr.  (3),  vol.  xxxvu.pp.  843-356.  (Belatioaof  raioHeaatoanM 
of  high  and  low  preaanre. ) 

104.  Cootribtttioaa  to  meteotology.  Nat.  Aead.  Hoi.  Mem.,  toL.  v,  part  1.  (Hm* 
annual  rain-fall  for  different  ooantriea  of  the  globe ;  eoadiUoBB  favocabtt  U 
raia-faJl ;  conditiona  nnraTDr»ble  to  laiafall ;  examinatioD  of  indiTidnal  eMCi 
of  rain-fall  in  the  UuitedSUtes.  in  Garope,  over  the  AUantio  Ooean;  aiauof 
low  preaanre  wilbout  rain ;)  olao  pobliahed  aa  Contribatioos  to  metaraology, 
ebapterui,nviaed  edition.    4(a,  pp.  143-2311,  platea  33-61.    Ne«HaTaB,18a 
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William  Kitchen  Parker  was  bom  at  DoKSthorpe,  near  Feterbor- 
oDfh,  Jane 23, 1823,  and  died  Bnddenly,  of  ajDcope  of  Oiobeart,  Jalj3, 
1890.  He  was  visiting  bis  second  sou,  Prof.  W.  N.  Parker,  of  Cardiff, 
and  whilst  cheerfully  talking  of  late  disooveriea  and  fatnre  work  in  bis 
foforite  biological  porsaitB,he  ceased  to  breath.  Accustomed  to  ontdoor 
life,  he  was  a  tme  lover  of  nature  from  the  first;  the  forms,  habits,  and 
ROngs  of  birds,  especially,  be  knew  at  an  early  age.  Village  schooling 
at  Dogsthorpe  and  Werrington,  and  a  short  period  at  Peterborongh 
Grammar  School  prepared  him  for  an  apprenticeship  at  15  years  of  age 
toHr.  Woodroffe,  chemist  aud  draggist  at  Stamford ;  and  3 years  after- 
wards he  was  apprenticed  to  Mr.  Costal,  medical  practitioner,  at  Market- 
Overton.  At  Stamford  he  stadied  botany  earnestly,  and  used  to  per- 
soade  a  fellow  apprentice  to  leave  his  bed  in  early  mornings  to  go  afield 
ID  search  of  plants.  Both  when  living  at  his  father's  farm  and  in  his 
holidays  afterwards  be  kept  many  pet  animals  and  dissected  whatever 
becoald  get,  including  a  donkey  and  many  birds.  Of  the  latter  he  pre- 
pared skeletons,  and  of  these  be  made  many  large  drawings  at  Marlcet- 
Oyerton,  which  of  late  years  be  bad  some  thought  of  publishing  as  an 
atlas  of  the  osteology  of  birds.  In  1844-'16  he  studied  at  King's  Col- 
lege, London,  and  became  stndeot-demonstrator  to  Dr.  Todd  and  Mr. 
(now  Sir  William)  Bowman  there.  He  also  attended  at  Charing  Cross 
Hospital  in  18M  and  1817,  and,  having  qualified  as  L.  s.  a.,  he  com- 
menced practice  in  1849  at  Tachbrook  street,  Pimlico,  and  soon  after- 
wards married  Miss  Elizabeth  Jelfery.  His  wife's  patient  calmness 
under  all  difficulties  and  trials  was  a  true  blessing  to  a  man  of  Mr. 
Parkei^B  excitable  temperament,  and  her  unselfish  life  and  wide- 
spread infloence  for  good  are  well  known  in  and  beyond  the  family 
circle.  Unfortunately  he  was  left  a  vidower  abont  four  months  ago. 
Hia  family  consists  of  three  daughters  and  four  sous.  Of  the  latter,  one 
is  professor  of  zoology  and  comparative  anatomy  in  the  University  of 
Otago,  Ifew  Zealand ;  the  second  is  professor  of  biology  in  the  Univer- 
Bit;  College  at  Cardiff,  South  Wales ;  the  third  is  an  able  draftsman 
aail  lithographer,  and  the  fourth  bos  lately  taken  his  diplomas  of  L.  B. 
c  p.  and  H.  B.  o.  s. 

Mr.  Parker  bad  a  good  father,  courteous  and  gentle  by  nature,  con- 
Bcieotious,  aud  earnest  in  business,  who  bad  worked  hard  to  be  able  to 
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gire  even  bis  yoaogest  sod,  Ur.  W.  E^  Parker,  "  a  start  in  life."  Froa 
his  placid  and  thonEhtfbl  mother  be  probably  ioberited  mudi  of  his 
love  of  reading  and  his  t^ent  for  learning. 

Always  energetic,  in  spite  of  constant  ill  health,  Ur.  Parker  enths- 
siastlcally  carried  on  bis  medical  work  and  his  natorat  history  stadiu, 
especially  in  the  microaoopic  stmotnre  of  animal  and  vegetable  tiaBne& 
Polyzoa  and  Foraminifera,  collected  on  a  visit  to  Bognor,  and  fimn 
among  sponge  sand  and  Indian  sea^hells,  especially  attracted  liis  at- 
tention. Having  sorted,  moanted,  and  drawn  numbers  of  these  mioro- 
zoa,  he  was  induced,  about  1856,  by  his  friends  W.  Orawford  Williamaon 
and  T.  Bapert  Jones,  to  work  at  the  Foraminifera  syBtematically.  His 
paper  on  the  MilioliticUB  of  the  Indian  Seas  (Trans.  Micros.  Soc,  1858), 
and  a  joint  paper  (with  T.  B.  Jones)  on  the  Foraminifera  of  the^forwe- 
gian  coast  (^iinato  jy.  ^.,  1857)  resulted;  and  the  latter  formed  the 
basis  of  a  memoir  on  the  Arctic  and  Xorth  Atlantic  Foraminifera  (PhiL 
Xraoe.,  1865).  With  T.  Bnpert  Jones,  and  afterwards  with  W.  B.  Car- 
penter and  H.  B.  Brady,  Mr.  Parker,  down  to  1873,  described  and  ilins- 
tfated  many  groups  and  species  of  Foraminifera,  recent  and  fossil  (see 
C.  D.  Sherboro's  "  Biography  of  Foraminifera"  for  these  papers  sad 
memoirs),  thereby  establishing  more  accurately  a  natural  claadflcatioa 
of  tliese  microzoa,  determining  their  bathymetrical  conditions,  and 
therefbre  their  value  in  geology.  That  be  did  not  neglect  anatomical 
research  is  shown  by  memoirs  in  the  Proceedings  and  Transactions  of 
the  Zodlogical  Society  on  the  osteology  (chiefiy  cranial)  and  systematie 
position  of  Balteniceps  (1860),  Pterocles  (1863),  Palamedea  (1863),  Oalli- 
naoeous  Birds  and  Tinamoas  (1863  and  1866),  Saga  (1861  and  1869), 
Ostriches  (1864),  Microglossa  (1865),  Common  Fowl  (1860),  Eel  (Katoie, 
1871),  skull  of  Frog  (1871),  of  Crow  (1872),  Salmon,  Tit,  Sparrow  Hawk, 
Thrashes,  Sturgeon,  and  Pig  (1873).  In  the  mean  time  the  Bay  Sooety 
had  brought  out  his  valnable  "  Monograph  on  the  struoture  and  devel- 
opment of  the  Shoulder  Girdle  and  Stemnm  in  the  Yertebrata"  (1868); 
and  his  Presidential  addresses  to  the  Boyal  Microscopical  Society  ( I ST3, 
1873),  and  notes  on  the  Archwopteryx  (1864),  and  the  fossil  Bird  boD«s 
from  the  Zebbug  Oave,  Malta  (1865  and  1869),  had  t>een  published. 
Snbseqaeutly  the  Boyal  Society's  Transactions  contained  his  abao- 
dantly  illustrated  memoirs  on  the  skall  of  the  Batrachia  (1878  and 
1880),  of  the  tJrodelous  Amphibia  (1877),  the  Common  Snake  (1878), 
Sturgeon  (1883),  Lepidosteas  (1883),  Edentata  (1886),  Insectivom  (1686), 
and  his  elaborate  memoir  on  the  development  of  the  wing  of  the  Com- 
mon Fowl  (1888).  In  the  "  Reports  of  the  CkalUmger  "  is  his  mentoir  on 
the  Green  Turtle  (1880);  and  those  on  Tarsipes(Dnndee,  1889),  and  the 
Duck  and  the  Ank  (Dublin,  1890),  are  his  last  works. 

In  former  times  a  skull  was  taken  as  little  more  than  a  dry,  syniwt- 
rical,  bony  structare ;  or  if  it  were  the  cartilaginous  brain  case  <^  > 
shark,  it  whs  to  most  a  mere  dried  museam  specimen.  When  bowenr 
the  gradations  of  the  elements  of  the  skall,  from  embryonic  begioniDgs, 
were  traced  antil  tbek  mutual  relations  and  their  homolf^es  in  otter 
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TotebrateH  were  established,  light  was  thrown  on  the  wODderfnl  oom- 
pleteness  of  organic  nDiformity  and  singleDesa  of  design.  How  sadi 
atadies  can  be  carried  on  both  by  minate  diBsection  and  the  modem  art 
of  parallel  slieing,  and  not  by  one  method  alone,  is  to  be  gathered  from 
his  teaching. 

Mr.  Parker  waa  elected  a  Fellow  of  the  Boyal  Society  in  1866,  and  in 
the  year  following  be  received  a  royal  medal  for  his  comprebensiTe, 
eiHt,  and  nsefol  researches  in  the  developmental  osteology,  or  embiy- 
owl  morphology,  of  vertebrates.  Some  few  years  afterwards  the  Koyal 
Sodety  gave  him  an  annaal  ji^rant  to  aid  in  the  prosecntion  of  bis  stnd- 
ic8;  and,  when  that  was  discontinue<l,  a  pension  from  the  Grown  was 
gracionsly  and  appropriately  awarded  to  him.  A  generoas  friend,  be- 
looging  to  a  well-known  Wealeyan  &mUy,  more  than  once  presented 
£100  towards  the  cost  of  some  of  the  nnmerons  plates  illnstratiug  bis 
graml  memoirs  in  the  philosophical  transactions. 

In  1873,  be  received  the  diploma  as  member  of  the  Boyal  College  of 
SnrgeoDii,  and  was  appointed  Huuteriau  professor.  Professor  Flower 
being  invalided  for  a  time ;  and  afterwards  both  held  the  professorship 
conjointly.  His  eamestm  ss  and  wide  views  wpre  well  appreciated, 
opening  Dp  the  modern  aspect  of  comparative  anatomy,  and  showing 
that  UAb  in  man  and  the  lower  vertebrattv  the  wooderfal  strnctural 
development  of  their  bony  framework  shoald  be  studied  in  a  strictly 
Dorphological  rather  than  a  teleological  method,  and  that  its  stages  and 
resoltant  forms  ooald  be  regarded  only  in  the  Darwinian  aspect. 

These  lectures,  given  in  abstract  in  the  medical  joamals,  became  the 
basis  of  his  "  Morphology  of  the  Bkall,"  iu  writing  which,  from  his  dic- 
tation and  notes,  Mr.G.  T.  Bettany  kindly  assisted  him;  and  again,  in 
a  semi-popnlar  book,  "  tJn  Mammalian  Descent,"  another  friend  (Miss 
Arabella  Buckley,  now  Mrs.  Fisher)  similarly  helped  him.  In  the  Int- 
ter  work  his  own  usual  style  frequently  predominates,  foil  of  metaphor 
uid  quaint  allusions,  originating  in  bis  imaginative  and  indeed  poetic 
mind,  fully  impregnated  with  ideas  and  expressions  fVequent  iu  bis 
favorite  and  much-read  books — 3hakes]>eare,  Bacon,  Milton,  some  of 
the  old  divines,  and  above  all  the  old  English  Bible. 

Separating  himself  from  the  trammels  of  foregone  conclusions  and 
from  the  formulatetl  bat  imperfect  misleading  conceptions  of  some  of 
hia  predecessors  In  biology,  whom  he  left  for  the  teaching  of  Bathke, 
Gegenbaar,  and  Huxley,  Prof.  W.  K.  Parker  earnestly  inculcated  the 
necessity  of  single-sighted  research,  and  the  following  np  of  any  ud- 
biased  elucidations,  to  whatever  natural  conclusion  they  may  lead. 
Simple  and  firm  iu  Christian  faith,  resolute  in  scientiftc  research,  be 
felt  free  from  dread  of  any  real  oolIisioQ  between  science  and  religion. 
He  insisted  that  ''onr  proper  work  is  not  that  of  straining  oar  too  fee- 
Ue  Cacalties  at  system  building,  bat  humble  and  patient  attention  to 
what  nature  herself  teaches,  comparing  actual  things  with  actual" 
(Proc  Zo5l.  Soc.,  1)^1) ;  and  in  his  *'  Slionhler  girdle,  etc.,"  page  2,  he 
writes :  "  Then,  in  the  times  to  come,  when  we  have  '  prepared  our 
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work  withoot,  niid  made  it  fit  for  oarselves  Id  (he  Aetd,' we  8bftU  beKble 
to  build  a  '  system  of  anatomy '  wbieh  sball  troly  r^reseat  oaton  ud 
Bot  be  a  mere  reflection  of  the  mind- of  one  of  ber  taleDt«d  obHervcn.' 

A.gaiD,  At  page  226,  in  illustratioD  of  some  results  of  bis  work,  he 
says:  ''Tbe  first  iostaDce  I  bave  giveo  of  tbe  sbonlder  girdle  (in  tte 
skate)  may  be  compared  to  a  elay  model  is  its  Itrat  stage  or  to  the 
heavy  oaken  fnroiture  of  oar  forefatbers,  that '  stood  poDtProoB  aod 
fixed  by  its  own  massy  veighL'  As  we  ascend  the  vertebrate  sctUethe 
mass  becomes  moreelegant,  more  sabdivided,  aod  more  metamorphosed 
until,  in  the  turd  class  aod  amoug  (he  mammals,  these  parte  form  tbe 
framework  of  limbs  than  which  nothing  can  be  imagined  more  agile  or 
more  apt.  So,  also,  as  it  regards  (he  sternum ;  at  first  a  mere  oatctvp- 
ping  of  the  feebly  developed  costal  arcbes  in  tbe  amphibia,  it  beeonm 
the  keystone  of  perfect  arches  in  the  true  reptile;  then  tlte  fnlcram  of 
the  exquisitely  constmcted  organs  of  flight  in  tbe  bird;  and,  lastly, 
forms  tbe  mobile  liront  wall  of  tbe  beaTing  chest  of  the  highest  verte- 
brate. 

Prof.  W.  E.  Parker  was  a  fellow  of  the  Boyal,  Linuean,  Zoological, 
and  Itoyal  Microscopical  Societies;  honorary  member  of  Eiug's  College, 
London,  tbe  Philosophical  Society  of  Cambridge,  and  the  Uedical  da- 
rui^cul  Society.  He  was  also  a  member  of  tbe  Imperial  Society  of 
Natnralists  of  Moscow,  aod  corresponding  member  of  tbe  Imperial 
Geological  Institute  of  Vienna,  and  the  Academy  of  Natoral  sdeoeet 
of  Philadelphia.  In  1886  be  received  from  the  Boyal  College  of  Phys- 
ciaus  the  Bayly  medal,  "  Ob  phyaioloffiam  fdioiter  exeuHam.^ 

In  conversations  shortly  before  bis  death  he  often  spoke  of  looking 
forward  thronghont  his  life-time  (alas  1  bow  qcickly  shortened!)  toeos- 
tinned  application  of  all  tbe  energy  heconid  devote  to  his  nm&l  work— 
at  once  a  consolation  to  him  and  a  dnty. 

He  has  well  expressed  his  own  view  of  biological  parsnlt^  at  page 
363  of  the  "  Morphology  of  tbe  skull : "  "  Tbe  stody  of  animal  morphol- 
ogy leads  to  continually  grander  and  more  reverent  views  of  creatioii 
and  of  a  Creator,  Each  fresh  advance  shows  ns  farther  fields  for  eon- 
quest,  and  at  the  same  time  deepens  the  conviction  that  while  ressKs 
and  secondary  operatious  may  be  discovered  by  bamao  iutelligeoce, 
'  no  man  can  find  out  the  work  tbat  God  maketh  from  the  beginning  to 
the  end.'  We  live  as  in  a  twilight  of  knowledge,  chai^ied  with  lerds- 
tioDsoforder  and  beauty ;  we  steadfastly  look  for  a  perfect  light,  which 
shall  reveal  perfect  order  and  beauty." 

An  nnwordly  seeker  after  tmtb,  and  loved  by  all  who  knew  him  for 
his  uprightness,  modesty,  unselfishness,  and  generosity  to  fellow-wotk- 
ers,  always  helping  young  inquirers  with  specimens  and  information,  b« 
was  suddenly  lost  to  sight  as  a  friend  and  father,  but  remains  in  the 
minds  of  fellow-workers,  of  those  whom  he  so  freely  taught,  and  of  ha 
stricken  relatives,  as  a  great  and  good  man,  whose  beneficent  inflneim  . 
will  ever  be  felt  in  a  wide-spreading  and  advancing  science  and  anoof 
thoughtful  and  appreciative  men  in  all  time.  CtOOqIc 
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<ialdo,  Consui-General  A.  G.,  acknowledgments  due 

California.  Indian  vocabularies  collected  in 
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Chemical  Problems  of  To^ay,  by  Victor  Meyer 361 

Chemistry,  Progress  report  for  1886,  by  H.  Carrington  Bolton.- 80,81 
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Dewey,  Pred  P.,  paper  by - 30 
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